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ABSTRACT OF THE DISSERTATION
Landesque Capital and Community Organization in a Maya Economic Center:
A Case Study at Salinas de los Nueve Cerros, Guatemala
by
Alexander Ernesto Rivas
Doctor of Philosophy in Anthropology
Washington University in St. Louis, 2020
Professor David A. Freidel, Chair
Professor Michael D. Frachetti, Co-Chair
Many ancient Maya lowland cities developed water-rich landscapes that met the multiple
needs of growing populations. The development of landesque capital, in which permanent
changes in infrastructure, water procurement, and agricultural productivity are best understood at
sites with a long history of occupation. Salinas de los Nueve Cerros was an ancient Maya center
that was occupied for approximately 2000 years, surviving the ‘Maya Collapse.’ This site,
located in the Maya lowlands, had ties to both highland and lowland communities through its
primacy in exporting salt. However, what is not yet understood is whether the commercial
population of Nueve Cerros practiced landesque capital, which would have allowed for longterm occupation and a large sedentary population to exist for millennia. To achieve this goal,
this project uses a multi-scalar approach to identify and determine the full scale of the engineered
landscape. Aerial remote sensing and GIS, excavations, materials analyses and a communityoriented framework were conducted used for interpreting Nueve Cerros community organization
and landscape management. In this dissertation I argue that protecting water sources for longterm uses through community-level settlement decisions were crucial for the creation for a

xv

landesque capital landscape. Along with these landscape interpretations, the Nueve Cerros
laborers were able to take advantage of participation in long-term interregional interactions and
exchange networks stemming from collaborative organizing principles. The results of this project
show how an ancient city thrived and survived turmoil through community-oriented landesque
capital, with direct implications for landscape management in the Neotropics today.

xvi

Chapter 1: Introduction
Landscape engineering and settlement decisions are crucial to past and present societies
in semi-tropical regions, where access to clean water, drought, and flooding are perennial
challenges to survival. The ancient lowland Maya of Central America overcame these ecological
problems through accretional, highly organized labor management of the environment over long
periods of time (Davis-Salazar 2003; Dunning et al. 2002; French et al. 2013; Scarborough
2003). Investigations of many major Maya centers reveal evidence of long-term occupation and
engineered features, such as reservoirs, canal systems, cofferdams, constructed wells, terracing,
and the monumental construction of settlements in seasonally flooded regions (Chase and Chase
2014a; Lentz et al. 2018; Wyatt 2014). Maya water systems have been used to argue for both
centralized and decentralized sociopolitical systems in a dichotomic debate (Barthel and Isendahl
2013; Brewer 2018; Fox et al. 1996; Scarborough 1998; Weiss-Krejci and Sabbas 2002). In this
dissertation I examine how an ancient Maya laborer community managed and invested in their
landscape for centuries, while cooperative participation allowed nonelite locals, or
commoners/laborers, to engage in the broader Maya economy.
The importance of long-term sustainable landscape practices to complex societies is
evident in their impact on the economic prosperity and population growth of many Classic Maya
cities and centers. Inhabitants of large Maya centers are often characterized as having practiced
low-density agrarian-based urbanism (sensu Fletcher 2009), in which the Maya adapted to a twoseason (wet-dry) tropical forest environment that “encouraged population dispersion for
harvesting and exploiting local resources to make a living (Scarborough et al. 2012a)”. These
cities relied primarily on agricultural economies, with considerable evidence of production in
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residential neighborhoods (Isendahl and Smith 2013). Evidence of landscape modifications for
agricultural uses include terracing, raised fields, irrigation systems, and wetland manipulation.
Aside from food production, sustainability requires potable water, the most basic resource for
human survival. Maya archaeologists have argued that constructed rain-fed reservoirs were the
primary architectural form used for accessing potable water (Chase and Weishampel 2016;
Scarborough et al. 2012b). Besides the focus on rain-fed reservoirs, other studies on the nonagricultural needs for water management in Maya cities remain rare (but see Wyatt 2014 for a
comparison of water holding features), which limits our understanding of how many Maya
centers accessed potable water.
This project goes beyond the dichotomy of centralized and decentralized Maya polities,
social organization, and water management. Instead, I look at human-environmental interactions
through landesque capital investments in the landscape and collective action theory of
community organization. Here, I will define landesque capital as an investment in water-rich
landscapes that met the social, economic, political, and ritual needs of growing populations
(Luzzadder-Beach et al. 2016; Lucero 2006; Scarborough et al. 2012b). In this study, I use
collective action theory to the interpret how the local residents of Salinas de los Nueve Cerros
cooperated with rulers who depended on their labor for public benefits.
The development of landesque capital and its role in supporting lowland Maya
communities are best studied at a site with a long history of occupation, and with clear economic
importance. In order to study Maya landesque capital and collective action practices, I conducted
archaeological investigations at Salinas de los Nueve Cerros, Guatemala. The site of Salinas de
los Nueve Cerros is a major salt production site located at the base of the Maya lowlands along
the Chixoy River (Figure 1.1). Primarily ceramic evidence, including highland and lowland
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styles from the Middle Preclassic to the Early Postclassic period, suggest that the site was
occupied from ca 800 B.C. to A.D. 1200 (Woodfill et al. 2015). It is one of the longest occupied
Maya centers, which supported a large, sedentary population in its commercial center, residential
neighborhoods, and E-group ceremonial center.

Figure 1.1: Map showing the major sites of the Maya lowlands, as well as important sites in Western
Mesoamerica (Chiapa de Corzo and La Venta). Map by Alexander E. Rivas.
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In this dissertation, I focus on investigating ancient Maya water management and
landscape practices for theorizing community organization at Salinas de los Nueve Cerros.
Understanding the water system at this site is crucial to understanding the scale and development
of its urban settlement, as well as how its people were integrated into the local and regional
Maya economy. The hydraulic hypothesis originally developed by Karl Wittfogel (1957)
suggests that the primacy of irrigation led to statecraft level societies. Although very
deterministic, it became apparent to future researchers that the role of water is crucial to
understanding settlement decisions and land management practices. Creating a long-term and
productive water system for agricultural and non-agricultural use is particularly important for the
Tierra Blanca residential group of Salinas de los Nueve Cerros, where most of the population
lived.

1.1 Aims of the Dissertation
Using ethnographic data, remote sensing derived models, excavations of landscape
features and residential mounds, and artifact analyses, I studied the water management practices
at Salinas de los Nueve Cerros, henceforth Nueve Cerros. Nueve Cerros is an ideal case study to
examine whether long-term sustainable practices and landesque capital supported a large
commercial population amid political and environmental collapses seen across many other major
Maya centers.
This dissertation project focuses on an architectural group is located along the banks of a
perennial stream within the larger “Tierra Blanca Residential Group” in the northern area of the
site, where most of the Nueve Cerros population lived. It contains the largest density of
residential architecture at the site.
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1.1.1 Research Questions and Objectives
The following questions guide my research objectives, methods, and theoretical
interpretations:
1) What construction practices allowed Nueve Cerros residents to create a landscape that
sustained a local population for nearly 2,000 years?
2) How were the Nueve Cerros residents, or laborers, participating in the greater Maya
political economy?
3) How can Maya archaeologists and local community leaders use archaeological
investigations to both further scientific research goals and to assist in community
development initiatives?
Objectives
To answer these questions, I established the following archaeological details:
1) Large-scale topographic documentation of the ancient Nueve Cerros region and, in
particular, the Tierra Blanca Residential Group via aerial mapping using UAV drone
photogrammetry;
2) Gained a detailed understanding of the construction techniques of water management
through excavations of the depressions;
3) Excavation of residential mounds to determine their functions and established
stratigraphic sequences through the ceramic chronology;
4) Laboratory analysis of materials found in 2) and 3), including: Ceramics, lithics, and
archaeobotanical materials. These data helped determine whether the commercial
population at Nueve Cerros had access to a variety of materials throughout its
occupational history.
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At Nueve Cerros, I argue that protecting water sources for long-term uses through
community-level settlement decisions were crucial for the creation for a landesque capital
landscape. There is no evidence of large-scale irrigation practices, including terraces or raised
fields within the site. There is, however, evidence that much of the region would have been
highly productive agricultural areas (Woodfill et al. 2014), with pot irrigation and forest
gardening practices as the primary forms of agricultural production. Along with these landscape
interpretations, the Nueve Cerros laborers were able to take advantage of long-term interregional
interactions and exchange networks stemming from collective action organizing principles. The
Nueve Cerros inhabitants participated in long-term economic production of salt, long-term
sustainable practices, careful water extraction, and established trade networks between highland
and lowland Maya groups. Local Q’eqchi’ Maya communities also benefit from the
investigation of ancient sustainable landscape practices. The findings from this dissertation
research is being actively used in development initiatives to assist these communities in their
infrastructure building goals.

1.2 Structure of the Dissertation
This introductory chapter provides a summary to the theory, methods, and purpose of the
dissertation project. In Chapter Two, I lay out the theoretical approaches for understanding the
Nueve Cerros landscape and communities, which are used to interpret the data collected and
described in the following chapters. First, I describe concepts of cultural landscapes and
landesque capital, and their relevance to Maya water management strategies and humanenvironment interactions. I then review literature on ancient Maya communities, and use the
concept of collective action theory for understanding the lifeways of Maya commoner
populations.
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In Chapter Three, I present a general overview of Nueve Cerros research. I describe the
geographic setting of the Nueve Cerros region within the larger Maya region. I then describe the
history of investigations at the site. Next, I provide a summary of the culture history of Nueve
Cerros, which sets the stage for understanding the long-term chronological occupation of the
Maya laborers. In addition to the ceramic chronology, I provide a Bayesian-modelled chronology
from available radiocarbon dates. Lastly, I provide evidence of salt production and the
importance of the salt trade in the Maya world.
In Chapter Four, I present the community-oriented archaeological framework of the
Nueve Cerros project as a whole. I describe how the project and I have used a decolonizing
methodology through an emphasis on collaborative research between Q’eqchi’ communities and
scientific research goals. Through community-oriented archaeology, I was able to directly use
my data and conclusions to improve infrastructure goals of the families that I worked with.
Additionally, I describe my personal experience, challenges, and opportunities in developing my
project through vignettes of my work with different communities.
In Chapter Five, I report on the archaeological excavations conducted at Tierra Blanca for
this dissertation. I also describe the excavation goals of investigating mounds and depressions.
Furthermore, I summarize previously excavated features from the greater Nueve Cerros region
that are relevant to my interpretations.
In Chapter Six, I present the mapping and Geographic Information System (GIS)
modeling data and results from Nueve Cerros and the Tierra Blanca region. I describe the drone
photogrammetry data, and frame it within the larger push towards high-resolution spatial data in
Maya archaeology. I provide an assessment of the settlement patterns through spatial statistics. I
also go through GIS modeling of water management practices in a residential community. This
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includes a flow accumulation model and topographic indices of water flow and saturation. I
conclude with an interpretation of community organized water management and potential
agricultural strategies.
In Chapter Seven, I describe the results from the ceramic analyses that were recovered
from my excavations. I begin with the classification methodology, and then go through the
chronological phases present in the residential group. I conclude the chapter by interpreting my
data through the importance of ceramics in domestic contexts, as well as their significance in
water management and agricultural studies.
In Chapter Eight, I describe the results of analyzing obsidian, which were recovered from
my excavations. I begin my discussion by explaining the importance of obsidian sourcing and
exchange in the Maya lowlands. I then present my results in relation to previous analyses
conducted at Nueve Cerros. This includes a chronological comparison of acquired obsidian
through the Classic period. I end with a discussion of long-distance exchange and the collective
action of Nueve Cerros laborers.
In Chapter Nine, I conclude the dissertation by summarizing all of the data from my
research. Through this synthesis, I demonstrate how locals invested in landesque capital in the
Nueve Cerros landscape, how the collaboration of laborers contributed to the greater economy,
and the participation of commoners in highland-lowland interactions. I also describe how novel
high-resolution GIS modeling, in combination with ethnography and artifact analyses, can be
used to understand broader human-environment relationships. Lastly, I reflect on the importance
of framing archaeological research in Latin America through a decolonial and communityoriented perspective.
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This dissertation does not have a designated chapter on the methodologies conducted in
the research. Instead, each data chapter (Chapters Five to Eight) has a section dedicated to the
methods conducted for each analysis. The methodologies of theses discrete types of data are
inextricably linked to the theoretical outcomes, making reading the dissertation easier to follow.

1.3 A Note on Terminology
Here, I will describe a few terms that may need some clarification or have multiple
synonyms. First, when referring to contemporary indigenous Maya people living in Nueve
Cerros, I will refer to them more specifically as Q’eqchi’ rather than ‘Maya.’ Not only is this
more appropriate since it refers to specific language speakers, it also minimizes confusion with
ancient Maya peoples. When referring to the ancient Maya, I refer to them as the ancient Maya
or simply, the Maya. Second, Salinas de los Nueve Cerros is used interchangeably with Nueve
Cerros. Lastly, the theoretical concepts of cooperation, collaboration and collective action are
also used interchangeably. The specifics of how these differences came about in the social
sciences are discussed further in Chapter Two.

1.4 A Note on Previously Published Work and Authorship
Parts of this dissertation have already been published elsewhere. This includes a seniorauthored research article in Open Rivers (Rivas and Odum 2019), a junior-authored publication
in preparation for Heritage (Woodfill and Rivas 2020), and conference proceedings for the
Archaeological Symposium in Guatemala. I am the major contributor of the research and writing
of the Open Rivers article, with William G.B. Odum providing the ethnographic data. Any
reference to his work is cited throughout the dissertation, but primarily summarized in Chapter
Four. The Heritage article focuses on community archaeology in the Southwestern Maya
lowlands. My contribution is the written portion of the ‘Nueve Cerros Water Management
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Project’, as well as the perspectives on decolonizing science and archaeology. Any reference to
Brent Woodfill’s contribution is summarized and cited. This portion mostly appears in Chapter
Four and Chapter Nine. The conference proceedings are all in Spanish, and primarily outline the
methods of drone photogrammetry and excavation data. These contributions appear primarily in
Chapter Five and Chapter Six.
Lastly, Appendix D is a report on paleoethnobotanical analyses conducted by Clarissa
Cagnato. The data analyzed consists of flotation samples (light fractions) taken from excavated
features as part of my dissertation research. This preliminary report only displays the results
from carbonized and uncarbonized seed remains; wood identification and counts have not been
completed yet. The paleoethnobotanical study is ongoing.
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Chapter 2: Landscape, Cooperation, and
Water
2.1 Sustainable Landscapes and Landesque Capital
The importance of long-term sustainable landscape practices to complex societies is
evident in their impact on the economic prosperity and population growth of many Classic Maya
cities and centers. Sustainability here is defined as “the ability to continuously utilize natural
resources, such as land, water, or energy, while managing these items for long-term future
exploitation” (Chase and Scarborough 2014: 3). Long-term food production is usually the
primary concern in Maya sustainability studies, however, agricultural production is not the
primary concern for all major Maya centers. Chunchucmil in the northern Maya lowlands, for
example, is an ancient Maya city that had very limited agricultural potential (Beach et al. 2017).
Its economic focus was on market-based trading of salt instead (Hutson 2017), which was
exported via established long-distance trade networks in exchange for subsistence goods. For
potable water, however, Chunchucmil inhabitants relied on locally sourced groundwater
(Luzzadder-Beach 2000; Luzzadder-Beach and Beach 2017). In this respect, long-term and
multi-seasonal use of water Other than this study, understanding groundwater procurement and
obtaining potable water apart from rain-fed reservoirs is not well understood in the Maya
lowlands. I address these issues in this dissertation, through a broader landscape focus. At Nueve
Cerros, I argue that long-term, incremental landscape modifications related to water
management, along with a skill-oriented population focused on salt production, were crucial for
the sustainability of its long-lived center. A focus on the theoretical concept of landesque capital
is the most appropriate for understanding the Nueve Cerros landscape.
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Landesque capital was originally coined by Amartya Sen, to specifically describe a
landscape in which land can be conceived of as a capital good for improving agricultural yields
(Sen 1959). Improvements to the land for agricultural yields includes fertilizers, irrigation, or
pest controls, to name a few. Thus, land-like, or landesque capital can be thought of as a form of
improving the landscape for agriculture. This concept was not applied widely until the studies by
Brookfield (1984) and Blaikie and Brookfield (1987). Brookfield took this definition further
through a close examination of permanent long-term investments and improvements to
agricultural landscapes. Distinguishing between labor investments and landscape investments
have large implications for how societies are organized in the long-term. Societies primarily
investing in labor require changing the structure of human organization, such as increasing
populations, extensive land usage, and labor specialization. Societies that invest in land,
however, can focus on improvements from the same agricultural field, which can subsequently
lead to improvements to already built in infrastructure such as roads, canals, and settlements
(Brookfield 1984).
The focus on agricultural production tends to characterize landesque capital with
innovations that create perennially fixed capital in the landscape, which lasts beyond a single
crop or cropping cycle (Blaikie and Brookfield 1987; Brookfield 2001). These enduring or
permanent changes in the landscape are created through skills, technology, and labor that focus
on improving soils, infrastructure, water procurement, and the overall long-term agricultural
productivity of the land. Landesque capital is also useful for understanding permanent land
improvements unrelated to cropping cycles, such as long-term canoe transport (Erickson and
Walker 2009).
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The concepts of landesque capital fit well within studies related to historical ecology,
sustainability and resilience, economics, and anthropogenic biomes (Hakansson and Widgren
2016). Broadly, all of these perspectives are linked through views on how social institutions,
agency, labor, and environment are interconnected processes. These processes must also be
viewed diachronically. In order to ‘prove’ the presence of effective landscape changes that
resulted in sustained production, landesque capital changes must be seen throughout time. Longterm occupation is one of the key factors that influence landesque capital investments, making
archaeological research one of the most appropriate disciplines for understanding these
landscapes and their features. Archaeological research, however, is often focused on using
landesque capital to interpret the cultural evolution of societies. Cultural, or social, evolution can
be defined as “the appearance of new forms of social or sociopolitical organization” (Marcus
2008: 251). Situations in which climates are changing, labor costs and populations increase,
long-distance interactions occur are just a few that may allow for changes in social evolution.
Landesque capital is often used by archaeologists to showcase a form of agricultural
intensification does not equate to increasing social stratification or changes in social organization
throughout time (Sheehan et al. 2018; Thompson 2016). Landesque capital can instead show
resiliency of a cultural landscape over many generations, irrespective of changes in the larger
sociopolitical systems.
Resilience is often coupled with sustainability studies, and here it is also useful to
incorporate this concept with landesque capital. I define resilience here as a process or ability for
a system (social, sociopolitical, agricultural, etc.) to have adaptive capacities in the face of
disturbances to the system. This is juxtaposed against processes of stability or resistance, which
implies a lack of adaptability and a failure to change (Norris et al. 2008). An enduring landscape
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created through fixed capital can, at first, appear to conform to a rigid, resistant system.
However, enduring, historical landscapes are created accretionally over time, and meant to adapt
to the ebbs and flows of socioecological systems.

2.1.1 Economic Logics and Social Development
Scarborough outlines models for both the rate of development of agriculturally based
societies and the forms of landscape engineering and water management in what he terms
‘economic logics’ (Scarborough 2003). Although these frameworks do not address landesque
capital directly, Scarborough has used them to make some of the most significant interpretations
of Maya water management systems. Below I describe the theory behind these models and their
relevance to Maya studies.
Scarborough (2003) argues for a temporal approach to the study of early societies
involving two possible paths that led to the development of complexity: the accretional vs. the
expansionist approaches. The accretional approach is a slow, stable development, in which
modifications to a landscape are done with few risks. With food and water scarcity, this approach
would allow slow agricultural growth along with measured population growth and would
steadily improve soil and water sources. Societies that tend to conform to this model are
organized heterarchically. I suggest that this approach falls well in line with concepts of
landesque capital. The expansionist approach exploits resources radically and rapidly, for the
purposes of state formation and control. This approach is risky and can be taken regardless of the
level of resource scarcity. When it is successful, innovative technologies are created, variations
in crop plants are produced, and the distribution of older crops become more effective. This
system allows for rapid agricultural growth, as well as population booms. All of this creates great
risk, and can cause rapid decline, catastrophe, and extreme resource stress if the carrying
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capacity is met. If decline and catastrophe can be averted, then sociopolitical systems can be
changed. The expansionist approach creates a system that does not include adaptive capacities.
Within the framework of accretional and expansionist developments, Scarborough (2003)
also outlines three economic orientations that shape natural environments and inter-societal
relations within complex societies: labortasking, technotasking, and multitasking. Societies that
labortask assign specific tasks to different members of a kin group or community and produce a
highly skilled labor force. This makes the sustainability and productiveness of landscapes and
water systems complex. Societies employing a technotask logic, in which technological
innovations are employed to produce economies of scale where land is plentiful, but labor is low,
the anthropogenic environment is less sustainable, and the people frequently experience social
unrest. They are unable to routinize tasks intergenerationally, over long periods of time. The
final logic, multitasking, consists of people diversifying their tasks necessary for survival. This
orientation is not as strictly measured or outlined and doesn’t require a demand for new
technologies. Specific people must adopt multiple, and in some cases easier, skills for survival.
Most Maya cities developed as labortask-oriented economies.
Labortasking logic emphasizes sedentism and defined territories with slow rates of social
change (Scarborough and Burnside 2010). As skill-oriented inhabitants, people have highly
specialized agricultural skills that are labor intensive and learned generationally. Productivity of
agriculture is not just based on the yield of crops, but also on the ability to conserve the land
through maintaining quality soils. In terms of settlement patterns, these societies tend to
participate in low-density urbanism, with high populations in the periphery and rural areas, with
slightly larger populations in the cities and centers. Sustainability is also emphasized, in terms of
harvesting the same quantity of crops yearly, as well as allowing the built environment to

15

continually be used. The large Classic-period Maya cities were built on labortasking organization
based on seasonally dependent water systems focused on still-water adaptations (described in
more detail later in this chapter). The low-density nature of Maya centers allowed communities
to be interdependent and to negotiate with hinterland, rural, and commoner landscapes.
Labortask logic falls well within the practices used in landesque capital, with the only major
difference being that labortasking is viewed through a social trajectory of complex societies. For
this reason, I describe the water system at Nueve Cerros in relationship to landesque capital,
since these features have endured today, even through drastic changes in sociopolitical systems
over the past few centuries.
Landesque capital, though implied, is not often explicitly used to understand major
landscape modification strategies of ancient Maya centers. For the most part, application of this
concept in the Maya lowlands has focused on terracing practices in Classic period centers. In
addition to terracing, at Caracol, Belize, the Maya created a settlement system with causeways
and water control features that ensured a potable water-rich environment (Chase and Chase
2014a; Luzzadder-Beach et al. 2016). There is no evidence of terracing or raised fields at Nueve
Cerros. However, landesque capital investments were created through a community-focused
system of protecting water flow, accessing groundwater through small wells, and pot irrigation
practices.

2.2 Collective Action Theory
Landesque capital provides a framework in how the ancient Maya utilized, improved, and
made permanence to their landscape, emphasizing the scale and longevity of subsistence
strategies and economic production in an agrarian setting. However, it does not explain other
aspects of Nueve Cerros economics such as elite and non-elite interaction, processes of group
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cooperation, and human agency of individuals who participate in multiple scales of interaction.
For this reason, I turn to collective action theory to explain social relations of Nueve Cerros
individuals at different scales: within their communities, within the site region, and
interregionally.
Collective action processes occur when state policies are geared towards the mutual
obligations between taxpayers (locals, commoners, laborers), who provide the bulk of state’s
revenues or labor, and principals (leaders, elites), who allocate the revenue towards collective
goods (Blanton and Fargher 2011). Under this assumption, a taxpayer holds power if they are the
polity’s primary source of revenue, with cooperation and trust as a necessity for the production
of revenue, and the creation of public benefits. This definition suggests that organization
complexity is higher in collective states than in less collective states.
The two primary types of collective goods systems include the access to public goods and
common-pool resources (Ostrom 2003; Smith 2010). Consumption of pure public goods do not
reduce the amount available to others, making them nonexcludable. Blanton and Fargher (2016)
use the examples of memberships to a book club or country club to illustrate how members can
share goods within these settings with no exclusion or reduction of availability. More often,
archaeologists think of goods in terms of common-pool resources. The goal of managing
common-pool resources is to sustainably exploit a degradable resource, such as fisheries, or a
grazing commons. I suggest that the procurement of exotic (non-local) goods and productivity of
landscapes can also fall within the definition of common-pool resource management.

2.3 Maya Water Management Studies
Some of the most substantial studies in Maya water management are very recent, with
extensive studies at both very large Maya cities and smaller community centers (Brewer et al.
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2017; Halperin et al. 2019; Isendahl 2011; Lucero and Kinkella 2015; Scarborough and Sierra
2015; Weaver et al. 2015; Zralka and Koszkul 2015). The most comprehensive studies on
paleoecology, and subsequently on water management, have also been conducted at sites with
long history of investigations, including Tikal, Copan, Palenque, and Cerros. Thus, most of the
models describing Maya water control, management, and procurement are based off of
investigations of these major cities. More recently, intensive investigations of smaller Maya
centers have been included for broader interpretations of Maya water management, allowing for
a more nuanced understanding of how ancient Maya communities dealt with water in relation to
climate, seasonality, and erosion. In this section, I review the major contributions to the study of
Maya history and water management, their relevance to Maya political economies, and how this
guides my research moving forward.

2.3.1 History and Water in the Southern Maya Lowlands
Maya engineers and city planners needed to consider the seasonal droughts and flooding
due to the two-season, dry and wet cycle when considering water management practices. In the
Late Preclassic, Maya living in large cities took advantage of depressions in the natural
landscape by constructing concave watershed systems, adapting to natural water features.
Preclassic Maya centers such as El Mirador and Cerros followed this format of settlement
organization. Scarborough (1998: 139) defines the Preclassic adaptation as a “passive form of
water management” in which the early communities made use of the natural depressions and
basins in their surroundings.
At the Preclassic coastal center of Cerros, Belize, Scarborough also identifies “basin
canals” in which water was conserved during the dry season through the manipulation of sills
and dams. The site itself was carefully selected for its mosaic of environmental features, and the
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settlement throughout time focused on adapting to this landscape. Canalization and damming are
seen at other sites founded in the Preclassic. At Chau Hiix, Belize, located along a seasonal
lagoon of an extensive river network, dams were constructed to channel water through canals in
the lagoon for agricultural irrigation and to facilitate transportation (Pyburn 2003). Furthermore,
at Chau Hiix at least one groundwater well was dug at each of the canals. Even today, with the
wells silted in with slope wash colluvium, they do not completely dry up. Canalization and dam
construction were generally a common feature in northern Belize (Siemens 1982). Preclassic
water management research thus far has shown that the earliest Maya may have focused their
settlements near streams and riverine settings, but by the end of the Late Preclassic, the
landscape was altered for reservoirs and diversion features that allowed settlements to develop in
more varied geographies, with settlement size influenced by water storage capacity.
There is increasing evidence that due to droughts in the Late/Terminal Preclassic,
reservoir construction was already a major landscape modification (Dunning et al 2014).
Eventually, Classic Maya cities began to have much greater reliance on constructed reservoirs,
with water systems growing across different centers. When new, large Classic period Maya
centers emerged, water systems were controlled and released in the city centers and managed
throughout the peripheries. Reservoirs, dams, channels, sluices, and filtration systems can be
seen at many Classic period sites (Scarborough 2003). Importantly, during the dry season, this
system allowed for water to continuously be diverted into agricultural fields and holding ponds,
which could be used for other economic purposes such as fishing, ceramic production, and
architecture construction (Lucero et al. 2014). In order to keep some of this water potable and
free of diseases, they would add water lilies as well as other marine organisms to purify water
through the removal of excess phosphorus and nitrogen (Conrad 1905). People living in riverine
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systems also constructed artificial reservoirs and water retention systems. Rivers may not have
always been safe for drinking water, with low rivers having murky waters and heavy rains during
the rainy season depositing sediments.
By the Classic period, many regional Maya capitals such as Tikal and Calakmul were
located in regions without permanent water sources but were surrounded by seasonal swamps or
bajos. The interior lowlands also had more fertile soils than those along the coasts, but with very
little surface water. The dry season, from January through May, was particularly problematic
with little to no rainfall for months, and with an increase in temperature and humidity. Little
agriculture was practiced during the dry season, but potable water was clearly still a necessity. In
the tropics, people can lose up to 10 liters of water per day through perspiration, causing a need
for more water than those living in temperate climates (Bacus and Lucero 1999). The rainy
season also posed potential problems, with too much water accumulating and flooding. Water
quality is also an issue, with standing water allowing for water-borne diseases.
By the end of the Classic Period, artificial reservoirs were not sufficient in the southern
lowlands due to frequent long-lasting droughts. Many centers were becoming abandoned,
leading to the Maya collapse. While the ruling elite and major polities ceased, many people
continued to live in the southern lowlands; small communities continued to occupy these mostly
abandoned cities after the collapse. However, most of the people settled along or near rivers and
lakes or in the coastal areas where wetland agriculture could still take place. Most of the
inhabitants however moved away from the interior southern lowlands to the northern lowlands.
Overexploitation of natural resources was also evident in the southern Maya lowlands. Soils
were eroding and many cities were already reaching their carrying capacity and were no longer
sustainable (Lentz et al. 2014).
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Drought has often been argued as the primary reason for environmental collapse (Hodell
et al. 1995). However, many Maya archaeologists question this interpretation, arguing that
political disintegration began before the dramatic climate shifts, but drought did affect the
severity of the collapsing polities of the southern lowlands (Douglas et al. 2016). Relevant to this
dissertation is a geospatial model of climate conducted at Palenque, Mexico. At Palenque, a
slight cooling effect occurred during the ninth century. This cooling effect was only with a one
percent decrease, and with a one percent increase in precipitation. This is not in line with the
ideas of a prolonged Terminal Classic Maya drought, which also supports the French et al.
(2012) idea that Palenque did not collapse due to droughts. French et al. (2012) also created the
Penn State Integrated Hydrological Model (PIHM) which is a GIS tool used for watershed
modeling of surface flow, groundwater flow, vegetation water, and energy. The PIHMgis at
Palenque was first used to assess land cover, in combination with the 100-year daily climate
simulations. The analysis showed that between 500-401 B.C., during the Preclassic, Palenque
was 100% forested. Between A.D. 601-700, during the Late Classic, Palenque was 40% forested,
40% deforested, and 20% urban. The final results showed that the hydrological droughts were
not severe in either time period (French 2012). Waterflow was still high enough to not cause
disruptions in crop management. This hydrological model, which was data driven and
environmentally focused, demonstrated that because stream flow was never halted at severe
drought levels, other factors must have led to the eventual collapse at the site.
For Nueve Cerros research, it is also important to understand the political disintegrations
of the nearest royal capitals in the Petexbatun and southwestern Peten. Beginning in AD 695, a
series of wars began at the royal capital of Dos Pilas, with abandonments to farming
communities and an increase in clustered defensive centers. By AD 740 warfare is rampant in the
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Petexbatun and along the Usumacinta and Pasion rivers. Between AD 750-800, Cancuen, the
now major royal port center in the region, experienced a major florescence with major
monumental construction, evidence of long-distance exchange of elite goods, and a large elite
hegemony (Demarest 2013). However, by AD 800, the site was destroyed, and the elites were
executed.
The research on collapse in the southwestern region shows that the collapsing Maya
centers began due to status rivalry, increasing scale and size of centers, increased elite power,
and then ultimately warfare over the control of trade routes. These social processes occurred
before any evidence of increased, extreme climatological changes and droughts that were
occurring between AD 800-1200. As I will explain in Chapter 3, as the lowland polities were
collapsing, Nueve Cerros increased their trade networks and alliances with highland Maya
peoples.

2.3.2 Cosmology and Iconography
Rituals are performed from all socio-economic levels of a society but are often influenced
from everyday experiences (Scarborough 1998; Reynolds and Tanner 1995). Water rituals by
the Maya elite demonstrates how they may have controlled economic developments and decision
making.
Iconographic images at Tikal have demonstrated the prominence of water. A set of
carved long bones display a scene of a canoe full of animal spirits, with the “Paddler Gods”
escorting the ruler into the watery world. These carved bones were found in a burial located
within 100 meters of the Palace Reservoir in Temple 1, also associating the importance of rulers
and water ritual. Cave and spring imagery also represent the importance of allocating water
resources, and reservoir usage as well. Mirrors in Mesoamerica are also very symbolic in
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imagery, as they represent the reflective surfaces of reservoirs (Scarborough 1998). Water as
reflective and transparent suggests its purity and quality and creating “reflective surfaces” by the
Maya was a priority. Altar D at Tikal also shows a representation of God N with water attire
which represents his relationship to the central reservoirs at the site, and his ability to traverse the
watery world.
At Copan, water imagery has also been very prominent. The water lily motif was
important in elite contexts and can frequently be seen as part of headdresses worn by elites and
gods in iconographic images associated with the Underworld (Fash 2003). As previously
mentioned, water lilies grow in clean water, and their iconography may represent the ability of
elites to provide clean water for the city. Ah Nab, refers to the “waterlily people,” who are the
Maya nobles themselves. The waterlily is displayed on civic-ceremonial architecture and
monuments at Copan, in Late Classic elite contexts. Ruler 16 is displayed wearing a headdress
with a water lily, and sky-bearers are also seen wearing water lily headbands. These headdresses
can also be seen in architectural facades. In El Bosque, the Group 10L-2 facades show six
figures, all associated with water lily headdresses. Individuals interred in other structures at
Sepultura have individuals wearing water lily headdresses or water lily neck pendants. These
data support the notion that this headdress symbolized authority related to water control.
Water was also crucial in the sacred landscapes created and envisioned by the ancient
Maya and Mesoamerican societies. Monumental construction such as mounds and pyramids
were viewed by the Maya as man-made replicas of mountains of sacred features (Vogt and Stuart
2005). Watery plazas or courtyards surrounded by pyramids, or ‘mountains’ were constructed as
a representation of water coming out of the underworld, a major aspect of the Maya creation
myth (Freidel et al. 1993). With caves also representing the underworld, this could also be
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interpreted as water, and the origins of life, coming out of the cave (Taube 2013). In addition to
the physical geography, crocodiles hold a special position in this scenario, as liminal, creatures
that occupy watery and terrestrial habitats and are associated with rain (Rice 2018). These scenes
would have been especially prominent during the rainy season, with major urban centers
replicating this cosmological world (Fash and Davis-Salazar 2006; Zralka and Koszkul 2015).

2.4 Ancient Maya Water Systems and Features
The southern Maya lowlands are located in Mexico (Campeche, Chiapas, southern
Quintana Roo), Belize, Guatemala, Honduras, and parts of El Salvador. Broadly, annual
climates in the southern lowlands consists of two primary seasons, a dry season and a rainy
season. The dry season is shorter, with about four months of drought. The months of the rainy
season vary slightly, but are generally between May to December, and the area receives
approximately 1,500-2,000 mm of rainfall, with the Nueve Cerros region reaching over 2,500
mm (Quezada et al. 2014). This constitutes approximately 90 percent of the yearly rainfall,
leaving drought risks and water shortages during the dry season. Another factor that creates risks
in this area is the occurrences of tropical storms and hurricanes, which can have devastating
consequences during the harvest season. The soils in the Maya area consist mainly of Mollisols,
Vertisols, Entisols, and Histosols. The Mollisols are shallow and clayey, and usually located on
well-drained upland terrains. Vertisols are the most dominant type in the swamps and are a
deeper clay soil. Entisols are thinner soils found on steeper slopes in the lowlands. Histosols are
apparent in areas of perennial soil moisture, within the large seasonal swamps, and may have
been more present in the past.
Climate change has long been suggested to have a great influence on Maya society,
especially with the Maya collapse (as I mentioned earlier). Earlier work by Hodell et al. (1995)
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presented evidence from cores in Laguna Chichancanab for an extensive time period of severe
hydrological droughts, also termed megadroughts, during the same time as the Classic period
collapses of many Maya cities. Later work on lake cores has also determined a spike in drought
and aridity in A.D. 1441, possibly associated with the abandonment of Mayapan (Hodell et al.
2007).
French et al. (2012) specifies the importance of distinguishing among hydrological,
meteorological, and agricultural droughts. Meteorological droughts are defined by the
atmospheric conditions, the duration, and the reduced precipitation of the dry period.
Hydrological droughts are associated with terrestrial shortfalls of surface or subsurface water
supply that may or may not be related to reduced precipitation. Hydrological droughts thus focus
on stream flow, groundwater, and lake levels. Agricultural droughts combine the issues of
meteorological and hydrological droughts and associate them with agricultural or ecological
potential. Availability of soil moisture for plant and crop evapotranspiration is a primary concern
with agricultural droughts. At Palenque, and perhaps in general archaeological contexts, the
main issues for Maya populations dealing with drought are the availability of water for
agricultural production, water for household consumption, and water control to reconfigure and
protect the urban landscape (French et al. 2012).

2.4.1 Bajos, or Seasonal Swamps
The Maya lowlands are filled with seasonal swamps, also termed bajos, meaning ‘lowlying’ in Spanish. The majority of bajos occur within the Mirador region, and the largest can be
found to the east in the Tikal region. Bajos are found throughout the southern lowlands, and
cover approximately 30 percent of this region, but they covered 40 percent of the most densely
occupied areas during the Classic Period (Scarborough 2003). Bajos range in size with some
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larger than entire Maya cities, and some approximately the size of ancient water reservoirs.
Tikal, for example, is surrounded by large bajos, also termed megabajos, which are also
interconnected by two rivers. There are few smaller bajos closer to the site, as well as small
bajos called “pocket bajos” within the site core. The prevalence of these features at Tikal
strongly suggests the important role that they played in settlement planning and exploitation.
Early studies on bajos revealed that many of them were originally reservoirs or lakes that
have silted in over millennia. Some of them were possibly civales, or marshy areas of perennial
wetness, which in fact provide extremely fertile matrix for agriculture. However, modern slash
and burn agricultural systems adjacent to the bajos have accelerated sedimentation into these
low-lying areas since their disuse in the Classic period. More current research has suggested that
some bajos were shallow lakes or perennial wetlands during the Preclassic. Settlement shifts in
these areas created the seasonal swamps, allowing for drained-field agriculture in these bajo-like
settings.
Research on Maya bajos has been extensive, but there is still much debate as to their
function, formation, and homogeneity. Part of the reason for these discussions and uncertainty is
because use and function of Maya bajos is not visibly apparent today and may have been
significantly changed taphonomically over the years. The diversity of bajos however, is
important for understanding settlement pattern, and improving archaeological investigations in
the Maya area.

2.4.2 Water Reservoirs
The major landscape modification for water control in the Maya lowlands was the
construction of water reservoirs. These reservoirs are numerous in size and found throughout the
Maya lowlands. They are usually modified from limestone quarries and natural depressions.
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These modifications can be a great feat, such as at the site of Edzna, where more than 1.75
million cubic meters of fill was removed to complete the reservoir’s construction. Because of the
stark differences between the seasons, these reservoirs were primarily used to supply water to
households and agricultural fields during the dry season. The extensive studies at Tikal have
now allowed for comparative analyses of water systems in the Maya lowlands. Three reservoir
types were present at Tikal’s core: large summit-ridge reservoirs, bajo-margin tanks, and small
residential reservoirs. This general typology can be used to assess reservoirs found at other
Maya sites.
What Scarborough and Sierra (2015) call summit-ridge reservoirs are large water tanks
that are located in the center of the city, such as at Tikal. Because Tikal is located on a convex
microwatershed, in which the center of the city is at a higher elevation than the surrounding area
creating drainage flow to the periphery, the center of the city is essentially a summit as well. The
archaeologists also argue that the high quantities of quarried stone were probably also used to
help with the monumental construction efforts (probably the case at Nueve Cerros as well).
Some reservoirs at Tikal also have lenses of sand alternating with clay deposits found at the
surfaces, which may have limited contamination and water-borne diseases. The sand is naturally
available over 35 km away, suggesting that they were deposited there purposefully.
By the Late Classic, the major polities in the Southern lowlands had a great dependence
on large centralized artificial reservoirs. This began to create problems, with many centers
increasing in population, decreasing mobility, and without permanent water sources. The
increasingly populated cities also caused major landscape transformations, and an increased
demand for wood. The deforestation occurring during this time period may have exacerbated the
drought cycles, as well as increasing soil erosion and sedimentation. Pollen analyses collected
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from lakes, sinkholes, and aguadas has provided evidence of deforestation during the Late
Classic (Lentz et al 2014).
Rulers of Classic Maya polities would have been in positions of power over the control of
water. They were symbolically been associated with water use, through relating water to ritual
performances (Scarborough 1998). For sites such as at Tikal, the largest water holding systems
were also located at the center of the site, where the largest civic architecture is located. The
centralizing forces or ruling elite at the site associated themselves with the central catchment
areas, representing control over the mundane resource. Creating water sources where there is not
a natural water system helped create the “Water Mountain” that defines the center of Tikal. The
investment required in creating water reservoirs also suggests that they may have been the first
large engineering projects for the construction of the site centers. Quarrying the limestone and
earthen clay from the bedrock and soils of the reservoirs would have helped build structures
across the site, and the reservoirs would have been necessary for providing the water required in
mortar preparation (Scarborough 1998).
Water Flow into Reservoirs
Weaver et al. (2015) have recently focused on a modelling study of the watershed system
at Tikal. Their study focused on the urban center of Tikal. The original Tikal Project maps were
first digitized and put into ArcGIS, to help create a 3-D surface model. For their watershed, the
results showed that structures were able to block the flow of water allowing the formation of
artificial aguadas or reservoirs. Water was redirected into reservoirs, with structures assisting the
direction of flow. Similarly, Marken et al. (2019) have also modeled water flow into the
reservoirs of the urban center of El Peru-Waka’. In the Waka’ case, water excess and flooding
were probably a more important factor in water control than was the Classic period droughts.
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2.4.3 Aguadas
Aside from the constructed reservoirs, ponds, also called aguadas, are found throughout
bajos and in many Maya sites. These aguadas are partially in-filled with clay sediment, after
originally being karst collapse or sinkholes, allowing for water retention. Some of these have
clear evidence of human modification, such as the aguadas at Tikal, which have constructed clay
berms around their edges. Many of these aguadas currently have water lilies, Nymphaea ampla,
growing in them, and this species was probably present in the past as well. Water lilies can only
grow in shallow, clean, still water. Their presence on aguadas suggests that these sources were
potable, and most likely supplied water to the Maya inhabitants (Lucero 2002).

2.4.4 Canals and Channels
Bajos created seasonal wetlands, which in turn could create water systems of seasonal
flooding and seasonal droughts. At Palenque, agricultural production was confined to the plains
north of the city, in which seasonal flooding and agricultural drought were an issue. The floods
during the rainy season and the winter droughts were naturally insufficient for large-scale maize
production. The construction of channelized fields helped alleviate these problems. Channelized
fields can be used for drainage functions that remove standing water from wetland areas through
digging of ditches and canals to drain water. Channelization also can be used for drainageirrigation, in which the water table levels are manipulated within canals and on field surfaces,
and not necessarily for draining water away. Excavations of channelized fields at Palenque
(Liendo 1999) demonstrated that there was a canal system in place, which worked well to get rid
of excess water during the rainy season by lowering the water table of the agricultural fields.
During the dry season, the canals also perennially held water, by being averted from confluence
with the Michol River. The canals were constructed to narrow as they got closer to the river,
suggesting gates or sluices were used to obstruct flow.
29

2.4.5 Groundwater Wells
Evidence for the adoption of groundwater wells, though understudied, has also been
found throughout the southern and northern Maya lowlands. For the most part, many major sites
do not have evidence of wells, due to the karstic nature of the underlying bedrock and the deepwater table. However, there are a few exceptions. An early study by Ashmore (1984) at
Quirigua, Guatemala, revealed that Classic period wells were used in domestic contexts to
provide convenient water usage for householders. At the Chunchucmil, inhabitants exclusively
used groundwater wells for potable usage. Within and surrounding Chunchucmil, at least 40
wells have been found and investigated (Luzzader-Beach and Beach 2016). Closer to Nueve
Cerros, the site of Itzan had at least three types of water collecting wells, including groundwater
wells in the rural sector of the site (Johnstone 2004). Groundwater wells were crucial for
survival at Nueve Cerros in the past and today and will be discussed a lot more throughout this
dissertation.

2.4.6 Other Water Features
Other water features are also evident at many archaeological sites. At Tikal, earthen and
stone-fill dams and cofferdams were also constructed, specifically for control of the release of
water and for maintaining water purity in the epicenter of the site. Springs were also colonized
at Tikal, initially used for accessing potable water, but then converted into silting tanks for a
growing population. The site of Palenque is located in an area with many streams and springs,
and the inhabitants built aqueducts and canals to drain water away from the center (Lucero
2002). The site of Palenque is located in a very advantageous area, being built on an escarpment
150 meters above the plains of Tabasco, which allowed for a good defensive position during the
increasing frequency of Classic period warfare. The site’s physiography replicates the place of
creation in the Popul Vuh as the “land where water flows out of the mountains” (French et al.
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2012). Similarly, at Naranjo, spring activity is currently enough to supply 100 workmen at the
site.
Much like other large Maya centers, Copan was a densely populated center by the Late
Classic. The urban regions of Copan, El Bosque and Las Sepulturas, are connected to the civicceremonial center through sacbeob, or ancient Maya causeways. At each region, there is a lagoon
in the center. The position of these large lagoons suggests that they were used as potable water,
similar to the constructed reservoirs found at other sites such as at Tikal. Excavations in the
1970s showed evidence of Early Classic and Late Classic ceramics, suggesting a long period of
occupation. However, the physical geography of Copan suggests that these lagoons were
probably not crucial for daily consumption needs compared to other sites in the southern
lowlands. Located in a valley, the volcanic episodes and alluvium from the Copan River has
created a well-drained floodplain with fertile soils. The soils and proximity to the river and its
watershed allowed for the perennial availability of water for agriculture. The spatial
organization of the buildings in the urban sectors suggests that the lagoons were central in city
planning, as much of the residences are nucleated around the two water sources.
Davis-Salazar (2003) excavated both lagoons to see if they were used as water sources
for its inhabitants. The excavation results showed that the Bosque lagoon had a high-water table
and may have been a spring in antiquity. The edges were modified and had cobble features to
secure water from flowing out into the river. At the Las Sepulturas lagoon, the current runoff
flow enters into the Copan River. The depositional sediments suggest that this lagoon was in
fact natural and may have been an oxbow lake in antiquity. The ceramics found in both lagoons
consisted of mainly Late Classic period materials, called the Coner phase. When compared
contextually, the ceramics from both lagoons are very similar. Both lagoons also exhibit different
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ceramic assemblages than the groups in the urban ward. There is very little Jicatuyo and
Polished Black/Brown ceramics, which are assemblages found more frequently in the residential
groups nearby. There are also more Antonio Utilitarian ceramics found in the lagoons compared
to the residences. These ceramics include incensarios, urns, comales, open bowls, and shortnecked jars. The majority of ceramics found however, were the Zico Utilitarian jars, which were
the primary water storage containers. The ceramic data of water jars and incensarios suggests
that community feasting, and ritual ceremonies occurred often in the vicinity of the lagoons.
Davis-Salazar (2003) suggests that water symbolism and ritual use in the civic-ceremonial center
was used to legitimize authority, although not necessarily the dynastic authority. Non-royal and
local elites and leaders began to emulate the actions of divine kingship, especially towards the
end of the Late Classic, when centralized control was being weakened. Communal activity at the
lagoons near the end of the Late Classic was crucial when political instability was occurring at
Copan and elsewhere in the southern Maya lowlands.

2.4.7 Ethnohistoric and Ethnoarchaeological Approaches and Parallels
Many parallels can be drawn with current Balinese water systems to the Ancient Maya.
Balinese water is controlled and regulated by water districts, or subaks. Subaks are
hierarchically organized, with priests occupying water temples located and the juncture of
diversion channels (Scarborough 1998). The highest authority is the High Priest, who resides at
the apex of the island, where the Balinese believe the source of their waters lie. This system also
helps prevent pest contamination by forcing necessary extended fallow conditions on portions of
a subak. Although this is a very specific cultural and physical system of irrigation management,
this system provides parallels to Maya water management, in which the elite may have
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controlled water from the apex, or epicenter, of the site, with water being managed locally at
other reservoirs, and channels across the sites.
There is also substantial ethnographic research of New World societies and water
management that can be compared to the Ancient Maya. Community management of the water
sources can be seen in different areas among different indigenous groups. Many similarities
exist, in terms of physical and economic management, as well as ritual associations. For many
indigenous communities in Central America and Mexico, the primary source of drinking water
has come from perennially and seasonally filled sinks and depressions, welled through openings
in the karstic limestone bedrock. Water management of still-water sources such as reservoirs,
bajos, and lakes are maintained and used at the community level with some ties to higher
sociopolitical entities, similar to what has been argued for Copan, Honduras. The Lenca
indigenous groups in central Honduras impose highly symbolic meaning to their local lagoons.
They would perform compusturas, which are feasting, and ritual events practiced along lagoons.
Lagoons in central Honduras were believed to possess life powers, and the compusturas would
allow for veneration of water spirits in the lagoon, who would exact retribution for those who did
not make offerings. The compustura ritual was used to ensure the water supply of the lagoon, as
well as the general well-being of the local community (Chapman 1985). These rituals were
controlled by the community, under local religious and political figures.
In highland Chiapas, the contemporary Tzotzil speaking Zinacanteco Maya may also
offer insight into how ancient Maya water management was conducted through their own water
rituals (Vogt 1969). These Maya shared and maintained still-water sources, and they would
organize into social and spatially close groups ethnographers called waterhole groups. These
groups consist of neighborhoods that form a hamlet, in which each neighborhood must share
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strategies and participate in rituals for economic success. Their tasks include cleaning and
maintaining the water sources, maintaining associated ritual shrines, and participating in water
rituals and feasting events. The waterholes in highland Chiapas are highly sacred and the focus
of special ceremonies. Ritual objects in the ceremonies include candles, incense burners,
fireworks, food, and beverages. Feasting is communal at the waterhole and is usually celebratory
and scheduled around the ritual calendar. Similar to the compusturas among the Lenca, tribute
needed to be paid, and failure to do so could result in exclusion of the waterhole group. The
Zinacantecos are greatly influenced by the location of the water hole as well. Some water holes
dry out during the rainy season, similar to the peripheral ancient Maya reservoirs, so
neighborhoods must divert their allocation of water to the permanent sources. Some waterhole
groups are in a higher socio-economic position or status than others, although this does not
necessarily mean they are in a closer proximity to the waterholes. They are able to use the same
source year-round due to the size of the waterhole, while those in lower ranks must use seasonal
waterholes, forcing them to allocate water from other sources. Community-focused organization
for the sustainability and maintenance of water sources can be seen throughout the ethnographic
examples presented here.

2.5 The Importance of Water Control in Maya Subsistence,
Settlement Patterns, and Political Economy
Although the scale of construction at Nueve Cerros was not as large as that of sites such
as Tikal or Caracol, creating potable water sources for the commercial population was also
probably the first major investment that leaders had to consider, and my dissertation proves that
groundwater wells were built for sustaining most of the population.

34

Understanding the water system of Nueve Cerros is crucial to understanding the scale and
development of its urban settlement, as well as how its people were integrated into the local and
regional Maya economy. Since we have no evidence of large-scale irrigation practices including
terraces or raised fields, I argue that water control and procurement was primarily for potability.
There is however evidence that much of the region would have been highly productive
agricultural areas (Woodfill et al. 2014), with pot irrigation as an important technique for
obtaining water. Regardless, for the Nueve Cerros inhabitants to participate in long-term
economic production of salt, long-term sustainable practices, water extraction, and trade
networks needed to have been put in place as well.
Lastly, I will emphasize that even though this dissertation is a study of pragmatic
approaches that Maya laborers undertook in their water system, the Nueve Cerros region is a
highly charged sacred landscape. The Nueve Cerros hill ridge is symbolically an area of creation,
without necessitating construction efforts by the Maya. Only a few investigations have been
conducted along the ridge, but many caves have been documented. In fact, I recently identified a
cave about 1.5 km away from the Nueve Cerros epicenter has a stream going through its opening
and is today filled with crocodiles (Figure 2.1). Nueve Cerros does not have the highly
monumental architecture of other sites but is located within an already sacred landscape. While
the elite of many cities may have attempted to instill their sites with cosmological significance,
this was always a reality for Nueve Cerros inhabitants.

35

Figure 2.1. Entrance to a Nueve Cerros cave, with water flowing through it and crocodiles (not pictured)
living within it.
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Chapter 3:Chapter 3: Geographical Setting
and Research Background
Salinas de los Nueve Cerros is an ancient Maya archaeological site located in what is
considered the transversal region in Guatemala. The site has been long known to be an ancient
center of salt production, with unique physical geographic features within the site. However, the
importance of the site to the ancient Maya economy has not been adequately studied. This
chapter explores the history of research at Salinas de los Nueve Cerros, and the importance of
salt production at the site for the ancient Maya in the lowlands and highlands.

3.1 The Nueve Cerros Region
Salinas de los Nueve Cerros, meaning ‘Saltworks of the Nine Hills’ in Spanish, is located
in the Guatemalan department of Alta Verapaz, near the border of El Quiche. The site boundary
is very clear, with the Nueve Cerros, or Nine Hills, a salt dome and the Chixoy River. The Nueve
Cerros is 21 km long and forms the western border of the site (Figure 3.1). The salt dome is
approximately 3 sq. km and forms the eastern limit and central part of the city. Within the dome,
there are 4 lakes, one of which turns pink/red in color, likely due to high algae content. The
Chixoy River forms the northern and northeastern boundary of the site, but also acts as an artery
for trade. The hydrological features at the site are very complex, with streams leading into the
Chixoy River from springs around the site, a brine stream leading from the hills to the Chixoy
River, and seasonal swamps located near the southern portion of the site (Woodfill et al. 2015).
The site is also considered part of the Northern Transversal Strip, which is a geographic lowland
area that runs east-west across the base of Cuchumatan Mountains. Archaeological evidence has
shown that an east-west trade route was also present here, extending from the southeastern Peten
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to Chiapas and Tabasco in Mexico (Demarest et al. 2014). Historically, the transversal region
was also important for communication between the southern Maya lowlands and highlands,
especially with the facilitation of the Chixoy River.

3.1.1 History of Research
The location of this archaeological site has been known by Westerners since the 1620s.
The site was then still in use and still closely associated with salt production. However,
archaeological interest of the site began with Karl Sapper in 1901. Archaeological investigations
did not occur until the 1970s with Brain Dillon (1977; 1979). Dillon surveyed the departments of
Alta Verapaz and El Quiche, but excavations were conducted at Nueve Cerros. These
investigations recovered many artifacts, with the most important being very large ceramic salt
storage vessels. Archaeological work was not conducted again until 2010, where a new project,
Proyecto Salinas de los Nueve Cerros, began with Dr. Brent Woodfill. The goal of this project
was to integrate Nueve Cerros into the discussions of the importance of salt production in the
ancient Maya lowlands, especially in the interior lowlands away from the coastal zones. The
project is also concerned with how the site was incorporated in Classic period interregional
interactions and trade. Archaeological work has been continuous since the Proyecto Salinas de
los Nueve Cerros began.
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Figure 3.1. General Map of Salinas De Los Nueve Cerros (Map by Marc Wolf, after Woodfill et al. 2015).
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3.1.2 Culture History of Nueve Cerros in relation to the greater Maya
Lowlands
Preclassic Period (800 B.C – A.D 250)
Nueve Cerros has a long history of occupation beginning in the Middle Preclassic (800
B.C.) and continuing until the early Postclassic (A.D. 900-1200) period. Salt production,
however, was also evident after Spanish conquest. Cast-iron pans and chinaware have been
found around the salt dome in surface recovery, as well as a PVC basin from the 1980s in an
attempt to commercialize the salt production. Much of the site is currently occupied by Q’eqchi
farmers for milpa cultivation.
Currently, the northern area of the site called the “Tierra Blanca group” is the earliest
documented architectural group at the site and has the longest occupational history from the
Preclassic to the early Postclassic. During the Preclassic, the ceramics consisted mainly of two
distinct styles. A Real Xe style that is closely associated with ceramics at Seibal was found, as
well as a local style that does not have any known correlates currently. With the Real Xe
connection, it is clear that the site had ties to the southern Maya lowlands in the Middle
Preclassic, however most of the styles were still local types. An increase in lowland styles
occurred during the Late Preclassic. An elite sub-complex of ceramic styles was recovered, such
as mammiform tetrapods and Usulután-ware. During the Late Preclassic, ritual construction was
also increasing, with the foundation of the ballcourt and the Tierra Blanca E-Group. By the Late
Preclassic period, there was also evidence of heavy construction around the brine stream, or the
Salt Production Zone. Overall, by the end of the Preclassic most of the site was occupied with
evidence of interaction between all zones/areas.
Classic Period (A.D 250-900 A.D)
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During the Classic Period, function and roles of the different centers and zones of the site
became much clearer. The Salt Production Zone became the economic center, and the epicenter
where the ballcourt is located became the administrative center. The Tierra Blanca area to the
north most likely served as the port to the city, however this was mostly during the Early Classic
period. Triadic structures, plaza groups, monuments, and the ballcourt were all constructed
during the Early Classic. There are no true palaces at the site, but it is clear that there were elite
markers at Nueve Cerros. The artifacts in the Early Classic shows an increase in Maya highland
ceramic styles, and the continuation of local, transversal style ceramics. By the Late Classic,
most of the ceramics are either local or highland in style.
Early Postclassic Period (A.D 900-1200)
During the Terminal Classic period, the southern Maya lowland elites began to
experience a collapse in their political economy. The highlands, on the other hand, experienced a
florescence, and the inhabitants of Nueve Cerros gained from their successes. By the Early
Postclassic all of the material was highland in style, with evidence of zoomorphic-footed plates,
hourglass incensarios, and a plumbate bowl, all of which are related to the northern highlands.
Although the main centers of the site did not have a clear relationship with the southern lowlands
during the Terminal Classic, the nearby site of Camela Lagoon does show evidence of a southern
lowlands ceramic sphere during this time period (Dillon 1981).
Reasons for abandonment of Nueve Cerros after the Early Postclassic are still not very
well understood. Firstly, there is no clear evidence that droughts were a factor in the initial
depopulation of Nueve Cerros. As the lowland cities were experiences conflicts, wars, and
eventual collapses, Nueve Cerros still held political strength though trade and interactions with
highland societies. However, by the Late Postclassic a strong central Mexican influence began
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to appear within the highland Maya region. This influence has been termed the ‘Mexicanization’
or ‘Nahualization’ of the Maya highlands (Navarrette 1996; Braswell 2001). Fox (1980) argues
this process may have started as early as 800 AD. This influence affected nearly all aspects of
highland material culture including ceramics, architectural styles, settlement patterns, sculptures,
and murals. How this process occurred is currently debatable, with full in-migration or cultural
‘borrowing’ as the most common arguments (Fox 1989; Popenoe de Hatch 1999). Borgstede and
Robinson (2012) suggest that Mexicanization can be thought of as comparable to the lowland
collapse, in which a general trend of cultural change was occurring throughout the region, but
under different circumstances for different sites.
I hypothesize and speculate that the Mexicanization of the Maya highlands affected the
economic power that Nueve Cerros held during the Classic period. Trade relations, influence, or
fully economic dependencies with Central Mexican polities may have shifted the relationships
the highlands had with the transversal. With Nueve Cerros unable to rely on the highlands and
lowlands, intensive salt production and its derivative economies may have eventually faded away
or created conflict that ultimately led to abandonment. Currently, there is no evidence of
increasing conflict or warfare at the site, although further investigations of the epicenter could
help answer some of these questions.
There is no Late Postclassic artifactual evidence at Nueve Cerros. Ceramics from this
period do come from the surrounding caves nearby, with radiocarbon dating helping confirm this
region as an important ritual center until the end of the Postclassic (see Radiometric Chronology
section).
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3.1.3 Nueve Cerros Ecology and Forest Gardens
The history outlined above has been collected through archaeological investigations.
However, questions about the environmental history are better answered through paleoecological
studies. The only investigation of the environmental history of the Nueve Cerros region was
conducted through paleocore analyses by Carlos Avendaño (2012). Avendaño examined a
sediment record spanning approximately 2000 years from a wetland near Lake Lachua, 5
kilometers away from the Nueve Cerros center. The results showed important sediment and
vegetation changes from the Preclassic, Classic, Postclassic, and Colonial/Modern periods.
Solanaceae is the most dominant taxa from the Late Preclassic until the ClassicPostclassic transition, in which Combretaceae and Melastomataceae dominate during the
colonial period. Solanaceae pollen during the Postclassic began decreasing, but no abrupt shift
into the Postclassic was evident, with Combretaceae taking approximately 200 years after the
onset of the Postclassic to dominate. Solanaceae is particularly important, since it is the taxa that
contain both chili peppers (Capsicum) and possibly tomatoes (Solanum). The increase of
Combretaceae/Melastomataceae can be seen during the Postclassic at other sites in Mesoamerica
as well and have been used to interpret the decrease in forest management or decline in
population of these regions. In addition to Solanaceae, pollen from Terminalia, Spondias,
Psychotir, Myrtaceae, Rubiaceae, Sapotaceae, and Arecaceae were recovered by Avendaño as
well (2012: 146). These are used by the Maya for a variety of purposes including fuelwood,
construction, medicine, food, and rubber. Perhaps the most obvious omission here is Zea mays
pollen. Maize was only recovered during the Early Classic and the Modern period and
represented 1 and 2 percent of the sample respectively. These data suggest that, at least in the
southern outskirts of the Nueve Cerros settlement, Maya agroforestry, or forest gardening
practices, dominated the subsistence system. Maya forest gardening practices mimicked forest
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structure and distribution patterns, through management of beneficial tries (silviculture) and
crops (Ford and Nigh 2009). Additionally, Avendaño argues that these data also do not point to
any major indicators of drought, including during the Terminal Classic ‘collapse’ period. Taxa
used as indicators of drought including Asteraceae and Poaceae do not show increases during the
Classic Postclassic transition. Avendaño suggests that the site is located in a “wet belt”, in which
humid conditions persisted even during expected dry periods. This is further supported through
evidence of stable soil organic composition (through loss-on-ignition) between the Preclassic and
Postclassic periods.
Avendaño carefully interprets these data for the rural, or hinterland areas of Nueve
Cerros. He suggests that further paleoecological studies within the urban areas of Nueve Cerros
will clarify urban land-use change and environmental impacts. Although I was able to take a
sediment core of one of my depressions, I was unable to have it analyzed for this dissertation.
However, as I will show throughout the following chapters, land-use by Nueve Cerros laborers
fits well within the established framework of Maya forest garden management throughout time.

3.2 Radiometric Chronology of Nueve Cerros
Architectural features and ceramic data shows evidence of occupation starting in the
Middle Preclassic (ca 1000-800 B.C) until the early Postclassic (A.D. 1200) throughout various
areas of the site. However, this has not been corroborated with radiocarbon data to create a
refined chronology that lends support to long-term continuous occupation.
In this section, I build a Bayesian chronological model for Salinas de los Nueve Cerros.
11 charcoal and bulk sediment dates from architectural groups around the site were used, ranging
from ceremonial mound groups, household excavations, and epicentral monumental features.
Dates were selected based on the full range of ceramic spheres available at the site. 3 dates from
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nearby ritual cave sites were also used to compare the longevity of occupation in the Nueve
Cerros region. These results will serve as a preliminary model for the radiometric chronology of
Nueve Cerros, since charcoal samples in nearly all cultural time periods were used. The results
did not reveal boundaries dates in the Middle Preclassic, nor the Terminal Classic/early
Postclassic. Although this would be typical of many major lowland Maya polities, in this case
this result is probably due to the lack of collected charcoal from secure Middle Preclassic and
Postclassic contexts. Testing the long-term occupation at the site with the variety of ceramic
styles from the highlands and lowlands makes this model important for determining 3
chronological concerns: 1) Whether Nueve Cerros survived the Maya droughts and lowland
political collapse in the Terminal Classic, 2) Whether the start date of occupation at the site
occurred during the Middle Preclassic 3) Checking for continuity and discontinuities between
major periods in the Maya lowlands. These results were not sufficient for testing 1) and 2) but is
a good start for looking at the chronological concerns within Maya studies.

3.2.1 Methods
14 radiocarbon dates from different areas of the site to create a preliminary Bayesian
chronological model. These data were collected from a wide range of contexts at Nueve Cerros
as an attempt to obtain the longest chronological sequence possible to represent the ceramic
chronology at the site. These charcoal samples were sent to Beta Analytic for radiocarbon
analyses. All samples were selected, except for 2 which were organic sediment samples that fell
at least 2000 years out of the date range of known Maya occupation. The radiocarbon
measurements in Table 3.1 are quoted as conventional radiocarbon ages, which were then used
for the Bayesian modeled dates. Table 3.1 also includes contextual and descriptive information
on all of the charcoal samples. Calibrated date ranges were calculated using InCal 13 calibration

45

curve (Reimer et al. 2013) and Oxcal v4.3 (Bronk Ramsey 2009). They are cited in text as 68%
confidence intervals. For the Bayesian statistical modeling, the Markov chain Monte Carlo
sampling was applied. An agreement index of over 60 was used to determine the validity and
accuracy of the entire model, as well as the modeled dates (Bronk Ramsey 2009). All modeled
dates are presented in calendar years (BC to AD), and in probability ranges with the ends
rounded to the nearest five years. To clarify, it is important to note that the modeled results are
not absolute and are interpretive estimates. These estimates will most likely change as more
dates are included in the model, as well as other data, specifically the ceramic data associated
with the charcoal contexts.
Nearly all the dates for this project come from different test units in different features
across the site. Only 2 test units have 2 radiocarbon dates associated with them at different
stratigraphic levels. These two sets were put in their own respective phases of the model. Those
phases were included in a large phase model that included the rest of the site dates. Additionally,
a separate phase model was constructed for the cave sites, since they are not within the site
proper and warrants their separate chronological model (Figure 3.2).

3.2.2 Results
The model shows good overall agreement between the radiocarbon dates and the
assumptions that were created (the test unit sub-phases). A simpler phase model was also
created as an alternative model, in which the 2 sets of test units were put separately into the
larger phase. Both models showed nearly identical overall agreements between the radiocarbon
dates and the assumptions. Because of these results, the more complex model was used (Table
3.2), as it is more appropriate for future modeling when more charcoal or charred remains
samples are added.

46

At the site level, Nueve Cerros the radiometric chronology is modeled to have begun is
modeled to have begun (at the 68% confidence interval) between cal 410 and 240 BC and ended
between cal AD 680 and 810. The caves surrounding Nueve Cerros is modeled to have begun
(at the 68% confidence interval) between cal AD 1300 and 1420 and ended between cal AD 1430
and 1510. The site itself has been occupied for a span between 900 to 1020 years, and the cave
usage spans between 20 to 130 years.
None of the charcoal samples dated at the site before cal 410 BC, which is the start of the
Late Preclassic. Additionally, no samples date to after cal AD 810, which is approximately the
start of the Terminal Classic droughts and political collapses. For reference, the early Postclassic
begins around AD 900-1000. The site appears to be occupied continuously, except between cal
AD 120 to cal AD 230. There is also a large gap between the end boundary of the site and the
start boundary of the caves (Figure 3.2).
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Table 3.1. List of collected radiocarbon dates with their context
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Table 3.2 Results of phase modeling, with unmodeled and unmodeled dates. Modeled dates are set at 68%
confidence intervals, and are in BC-AD calendar years.
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Figure 3.2. Posterior Probability Densities for the multiple phase model.
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3.2.3 Discussion
The results of the Bayesian chronological model did indeed show long-term and
continuous occupation at the site, ranging from the Late Preclassic to the Late Classic periods.
Salt production and export at the site may have been important for Maya polities in the interior
lowlands for many centuries, after the initial movement of sedentary populations during the
Middle Preclassic, and at least until the period before major political collapses. The landscape
itself was also a sacred space long after the economic center may have collapsed, with Late
Postclassic evidence of ritual activities at the nearby caves.
These results do not show evidence of Middle Preclassic occupation, nor evidence of
Terminal Classic/early Postclassic occupation either. This is particularly important because the
ceramic data shows clear evidence of Middle Preclassic including Juventud red, Chunhinta
Black, and Pital Cream, as well as Postclassic ceramics including zoomorphic plate supports,
Tohil plumbate, and highland style censers (Woodfill et al. 2015). Again, the lack of charred
remains can be explained simply through insufficient excavations targeting these phases. Two of
the earliest stratigraphic layers were those with the organic sediment samples sent for dating.
Since these dates were not included as they were poor quality data, that was collected as bulk
samples and were dated to well before the Middle Preclassic period. Additionally, no dates were
collected that were in stratigraphic contexts with early Postclassic ceramics.

3.3 Nueve Cerros and the Maya Salt Trade
Epicentral Excavations
As mentioned before, the most important task conducted at the site was the production of
salt. Salt production was probably occurring throughout the history of the site, and in large, bulk
commodity quantities.
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The Salt Production Zone at the site consists of two dozen structures, with some housing
elite tombs. Ovens have been found adjacent to these structures, as well as very large salt-storing
vessels called vasijonas. These vasijonas are Atzam red vessels and were used mostly during the
Late and Terminal Classic. The archaeological and ecological evidence at and near the site
shows that the inhabitants were able to produce salt for exportation with a nearly limitless
potential. The brine stream flows throughout the site year-round, regardless of the two seasons,
and is also 2-3 times more saline than the Central American seawater. The salt flats surrounding
the brine stream have 1,500 metric tons of salt available right on the surface. The flooding and
receding of the brine stream would have allowed for at least 4,500-6,000 metric tons of salt to be
collected.
Active production of salt was also evident at Nueve Cerros. Rough ceramic molds were
used to make salt loaves or cakes as a basic unit of salt trade. Dillon (1977) also uncovered an
oven for salt production, which would have allowed for about 6-7 molds to be boiled down at the
same time. Excavations at the site have also shown that mineral-laden soil was brought in from
the salt flats to the production zone to leach out the salt. Hypothetically, it is likely that shallow
evaporation pools could have been constructed to collect more brine, but there is no direct
evidence yet to support this.
Lentz et al. (2015) have written quite convincingly on firewood as a factor influencing
and influenced by carrying capacity, limiting Maya economies and population growth. Firewood
is very much a necessity in quotidian life, used by all families and households. The production of
brine would have also required a serious demand for firewood. Woodfill et al. (2015) however,
argue that unlike at Tikal, firewood was almost limitless for the inhabitants of Nueve Cerros, for
many different reasons. Firstly, because the site is situated on the Chixoy River, canoe travel for

52

importing harvestable firewood would have been very convenient. Today, upriver on the Chixoy
from Nueve Cerros, there is approximately 500 sq. km of easily accessible firewood.
Conservatively, using 10% of the firewood for salt production, and with the available salt and
brine, it would have been possible to produce 10,000 metric tons of salt per year sustainably.
Because of our subjective Western perspectives on salt, it is difficult to understand the
importance of salt in nutrition. Modern globalized societies tend to eat much more salt than is
necessary, but salt-deficient diets can lead to many negative biological conditions. Living in
relatively meat-poor areas, such as in the tropics, salt would have been much more of a necessity,
however, it was also probably sought out for its taste as well. Woodfill et al. (2015) thus argues
that salt was a desirable good for the Classic Maya, and its exchange and consumption was very
important in their diet. In general, there is little direct evidence of trade between the saltwork
sites in the northern lowlands and the interior southern lowlands, making Nueve Cerros one of
the most important centers for obtaining salt in the interior southern Maya lowlands.
Salt tends to be viewed as a non-elite commodity, and thus its production is not viewed as
something that the elites were actively involved in. The burials at the site are all elite in context,
however, and are all related, or in close proximity to the Salt Production Zone. Tomb 5, an Early
Classic burial was found on the western slope of a large stepped platform and was found with
diagnostic ceramics and jade offerings. This tomb was reopened during the Late Classic, and 24
ceramic vessels were placed, as well as 29 finger bones, 26 obsidian blades, and a clam shell.
This individual was clearly important to the inhabitants of the site, and its presence in the Salt
Production Zone is very peculiar in Classic Maya elite burial patterns. By the Late Classic, five
more burials were recovered in this area that showed high degrees of wealth and evidence of
exchange from other elites.
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The elites were directly associating themselves with salt production by placing elaborate
tombs within this zone. Salt has been thought of as a non-elite good; however, salt production
was clearly the primary base of the economy at the site. It is possible that different aspects of the
salt economy were handled by different parts of the communities within this site, from
production, transportation, and commercialization. However, the presence of elites in the
production zone suggests that the economy was more tightly controlled by a central authority
than often argued. However, the labor necessary to produce the salt would have been provided
by the residents living in the Tierra Blanca neighborhoods.
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Chapter 4:Chapter 4: Community-Oriented
Research, Decolonization, and Ethnography
in Nueve Cerros Research
In this chapter, I examine the community-oriented aspects of my research. In communityoriented programs, research is not exclusively beneficial to investigators, but will also have
benefits to the local community where investigations are taking place. This can mean that
communities help with the project design, are an active voice in data collection, analyses, and
most importantly, interpretation, all while using the research to further community initiatives.
This is not the standard in field research in foreign contexts. Community-oriented research can
be difficult, or nearly impossible to accomplish. It requires a rethinking, or better yet a decolonial
outlook on the purpose of conducting archaeology and scientific investigations. In Maya
archaeology, community-oriented research is often conducted for establishing heritage programs
such as education of the past, creating museums, and training indigenous archaeologists
(McAnany 2016). In my dissertation project, community-oriented archaeology was envisioned
through using the archaeological data recovered to assist Q’eqchi’ communities with their own
infrastructure initiatives.
This approach is not new among archaeologists. Action, public, community-oriented
archaeology perspectives all strive towards a common goal of using archaeological data beyond
interpretations of human cultures and the ancient past. The focus here is on how archaeological
research can engage with globally important issues. In this manner, archaeologists do not simply
work with or near people, but work “for living communities” (Sabloff 2008). Often,
archaeologists use this perspective for heritage initiatives including archaeological tourism, site
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consolidations, and training locals as tour guides. This is a common and successful approach in
the Maya region, with many archaeological projects successfully adding tourism, heritage
protection, and community development initiatives towards their research goals (Ardren 2002;
Del Cid and Demarest 2004; Fash et al. 2016; Ichikawa 2018; McAnany 2016). In fact, this has
been attempted at Nueve Cerros as well (Woodfill 2013).
However, in my project I use a different community-oriented perspective for conducting
archaeological fieldwork. Many pioneering projects have used archaeological methods and data
for directly relevant results at the community and global scale. The Tucson Garbage Project,
beginning in the 1970s, was a truly innovative project that began by using archaeological
methods to document patterns of use and discard of modern garbage (Rathje and Murphy 1992).
This research had far greater relevance, with important outcomes for diet and nutrition studies,
recycling projects, and sociological studies on consumerism and wealth. In the South American
Andes, Erickson (1988) implemented his investigations of Pre-Columbian raised fields to
conduct a successful experimental agricultural system for Andean farmers today. Similarly, in
the Maya lowlands, Anabel Ford’s El Pilar Program in Belize implemented encouraged local
communities for protecting the fauna and flora of the Maya forest through proper forest garden
management (Ford 2006).
Through community-oriented archaeology, I create a decolonial approach to conducting
scientific research with indigenous communities. In this context, decolonization methods are
those that center the worldviews and concerns of the communities I work with over the concerns
of the broadly defined scientific production of knowledge. Science is often conducted in a
manner in which the study of indigenous communities or individuals, past or present, is used to
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for the ‘good of mankind’ with a lack of attention of what this means to the studied communities
(Smith 2012: 26; but see also Deb Roy 2018; Mohanty 2003; Nordling 2018).
In the following sections I show how I’ve conducted a community-oriented research
program included in the general goals of my dissertation. First, I describe my experience of
working with Q’eqchi’ communities over the past few years. In what are essentially personal
vignettes, I describe challenging situations I faced while attempting preliminary research for
scientific proposals. I go through the evolution of my engagements with communities, and how I
ultimately conducted my project. I then discuss how community archaeology can be used for
supporting local infrastructure initiatives, while still maintaining interesting scientific research
questions and conclusions necessary for grants and publications. This section and these
descriptions will be included in a co-authored paper with Brent Woodfill that is currently in
preparation for the journal Heritage.
The second section of this chapter, beginning with ‘Ethnography and Archaeology of
Water in the Maya Lowlands’ is an abridged version of an article I senior authored in Open
Rivers (Rivas and Odum 2019). This article details some of the results from creating a project
through a community-oriented perspective.

4.1 Community Archaeology at Nueve Cerros: An Approach
to Decolonizing Maya Archaeology
While one of the goals of the Nueve Cerros project has always been community
archaeology, it is still really difficult for all residents to directly benefit from the investigations.
The villages surrounding the Nueve Cerros region are home to over 15,000 people, and at
maximum the project only employs about 70 people as cooks, clothes washers, and excavators.
Although the local NGO includes members from villages that do not own any land atop the

57

archaeological site (or at least without visible features), the people we know best and support
most strongly are those we know, typically because they own land that presents clear scientific
opportunities. Unfortunately, this means that most of the development initiatives were beneficial
to a select group of property owners, even though there is a substantial squatter and homeless
population in the region. This realization has led us to ask the following questions: is it possible
for archaeologists use their presence to benefit families and communities that do not have
archaeological remains within their parcels? Can this be attempted for long-term collaboration as
well?

4.1.1 The Good of Community Archaeology
Why would anyone want to conduct these collaborative research methodologies? There
are multiple benefits community archaeology. From the archaeological perspective, these sites
would be fundamentally off-limits to a traditional project. Even with funding and legal standing
from the state, the reality of post-civil war Guatemala and post-Zapatista Chiapas is that
neighboring communities can set up roadblocks, forcibly remove people they declare trespassers,
take prisoners, and threaten—and even follow through with—violence. Such potentially drastic
measures are sensible reactions to the sustained threats of disenfranchisement from the state and
outside corporations and investors, which include the Guatemalan genocide, the privatization of
the Mexican ejidos, and the myriad agricultural, mining, petroleum, and hydroelectric interests
that threaten the region (Woodfill 2019; Woodfill and Rivas in prep).
When well thought-out and communicated, both sides do have something to gain. Local
investment in scientific research not only makes research in community lands possible but, in the
best of circumstances, encourages community members to share knowledge of potential research
sites and unreported discoveries. When the field work is in session, the team is more likely to be
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protected from potentially negative situations, from the attempted forced removal from
municipal lands discussed above to roadblocks, violence, and sequestering.
At the same time, community members can take an active part in the narratives
surrounding their region, the types of economic activities and political interventions that occur
there, and cultivate potential long-term allies with enough international reach to counterbalance
some of the negative effects of globalization and modernization that are taking hold in their
landscape.
Lastly, when conducting archaeology with descendant communities, using a communityoriented perspective has a greater advantage over other projects for assessing the ‘broader
impacts’ of the research, including improving our society, engaging a wider audience and
reaching beyond borders.1 This can be very difficult for many projects to describe in their own
NSF, or NSF-style funded research, and this perspective makes a clear benefit for the greater
good.

4.1.2 The Nueve Cerros Water Management Project
I began archaeological work in Guatemala in July of 2015. My research interests lie in
ancient Maya landscapes, and I decided to join the Nueve Cerros team to conduct on-the-ground
surveys, locating mounds, and water management features (canals, ditches, reservoirs). I arrived
in Guatemala 10 days after one of the most scientific archaeological projects I’ve worked on in a
remote region of Central Asia. The field research teams alone consisted of geoarchaeologists,
geophysical remote sensing researchers, an aerial remote sensing specialist, paleoethnobotanist,
denrochronologist, a geochemist, an excavation team.

These ‘broader impacts’ are taken directly from the NSF website at
https://www.nsf.gov/od/oia/special/broaderimpacts/
1
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I did not spend the first week conducting archaeological investigations; instead I spent
the week surveying the corners of all parcels of a Q’eqchi’ village near the Chixoy River. The
farmers needed to know the size of their parcels, and other general spatial information to divide
them up a bit into smaller lots. As a first year PhD student, I was open and willing to help the
community with their mapping efforts, at the direction of the PI Brent Woodfill, although I could
not understand why an archaeology project was so involved with community development
projects. I do not work for an NGO, am not a civil engineer, nor do I work for the local
government that would be assumed responsible for parceling farmer’s lots. As a formally trained
archaeologist, I felt that it was inappropriate to play a role in infrastructure development in which
I had no experience in. I’ve since learned that these surveys are not usually done for the
communities until it is election time, in which local officials running for office conduct most of
the civil engineering projects. Up to this point, I had never spent field time conducting anything
other than archaeological work. Having an archaeology student spend valuable field time,
money, and equipment on anything other than archaeology was unheard of to me, and not
something that was prioritized in the four previous heavily funded projects I worked on.
These efforts did not go unnoticed by the local farmers, who volunteered their efforts in
assisting me in my own landscape interests. The next week I began my archaeological
investigations, surveying mounds and various water features. Mapping the archaeological site
was usually quite successful, as I worked with one of the local farmers to walk around the site,
making sure other farmers were aware of my presence, and that I wasn’t intruding. Although this
was not always a harmonious situation, locals around Nueve Cerros knew that I was not simply
an archaeologist extracting information for my own benefit.
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The surveying efforts were rather successful over the next couple of years, and when it
came time to write a proposal, I decided to focus my dissertation proposal on the E-Group
Ceremonial Center for the 2018 field season. There are clear anthropological reasons for why
this center is important to investigate. E-groups can represent early sedentary communities, have
astronomical significance, and reveal interregional interactions (Freidel et al. 2017). The E-group
ceremonial center at Nueve Cerros is located between two lots owned by different families. A
few months before the field season began, I contacted the owners of both lots, requesting and
gaining permissions for excavations. I developed a dissertation proposal and plan for
investigations and was ready to carry out my dissertation project. However, a month before the
field season, I learned from local collaborators that one of the families had sold their lot to an
unknown farmer, meaning we had lost access to part of the ceremonial center. The other family,
which have never been involved with collaborating with field archaeologists, changed their
decision, and decided that they would rather not be involved with the archaeological project. The
head of the family had recently moved to Florida, U.S, and understandably felt uncomfortable
having foreign researchers investigate their land without them being present. Within a week of
finding out all of these situations, I needed to swiftly change my area of interest, dissertation
proposal, and project.
I directed my focus back on large-scale surveys and residential water management at
Tierra Blanca, a sector of the Nueve Cerros site that contains most of the households and
residential groups. My research focus had to change from focusing on early ceremonial centers
and ritual practices to questions relating to hydrology and landscape construction. I conducted
drone photogrammetry and digital elevation models (DEMs) of the major architectural groups at
the site including the epicenter, the salt production zone, and the Tierra Blanca area. I then used
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this data to create hydrological modeling using geospatial analyses tools. Additionally, I
excavated residential mounds and depressions at Tierra Blanca. My excavation and GIS
modeling results indicate usage of a collective economy and residentially controlled water
system based on groundwater wells, dating at least to the Early Classic (explained in more detail
in the following chapters). The easy access to the aquifer is not common among major Maya
cities, which relied on constructed rain-fed reservoir systems. Access to the water table may have
played a large role in sustaining the population for survival at least four centuries after the
Classic Maya collapse (Woodfill 2019).
Groundwater access was not just valuable for ancient Nueve Cerros laborers. Today
Q’eqchi’ families rely heavily on groundwater wells, and the construction of community wells is
one of the most important development projects that NGO’s are involved with in the area. The
Nueve Cerros project works with ADAWA, a local indigenous operated NGO focused on
community development initiatives2. Public well building is one of the major projects ADAWA
is continuously working on, from building large community wells in each of the local schools to
providing discounted water filters to schools and individual families. The data I collected on the
ancient hydrological system was mutually beneficial for the farmers and archaeologists. As I
described elsewhere (Rivas and Odum 2019), farmers living in the Tierra Blanca area reopened
some of these ancient depressions as modern wells and even created a canal system to separate
clean and dirty water. This study showed how an archaeological understanding of subtle
topographic changes through GIS modelling, and stratigraphy of depressions can directly
contribute to community development projects.
My research efforts went beyond the excavation area and recording ancient architecture,
with drone photogrammetry of the banks of the Chixoy River, and the hilly terrain west of the
2

https://adawagt.wixsite.com/adawa
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Nueve Cerros ridge. This was also done with members of ADAWA, who helped me gain access
to different plots of land. In these drone flights, no archaeological mounds were discovered,
although some surface artifacts were visible. These data were used for understanding the
physiography of the greater Nueve Cerros region.
While conducting physiographic surveys, farmers living on the banks of the river asked
me and the ADAW`A members for a water filter for the local school. In this particular
community, none of the families had water filters in their homes, neither did the local grade
school. Local elders approached the team and were particularly concerned for the children, as
they are well aware of the impact of waterborne illnesses on children. The elders know about the
work ADAWA conducts for the nearby communities, and they seized the opportunity to speak
with the NGO members. The following day, I completed my drone work along the river, and
ADAWA was able to donate one of their water filters to the local school. The team spent an
afternoon at the school, teaching the schoolteacher and students how to properly use and
maintain the filter (Figure 4.1). These filters, Ecofiltro, can be used for up to 2 years, making
them valuable long-term solution for the many Q’eqchi’ families.

Figure 4.1. Senior member of ADAWA teaching children the importance of potable water and how to
properly use the new filters.
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At a village west of the Nueve Cerros ridge, community leaders are in an even more dire
situation. When the we first arrived in this village, the community leaders were very skeptical of
the team’s presence. Were we here just to extract resources, or data, for our own scientific
purposes? Would any of this information be helpful to the community? When the local farmers
realized the kinds of surface hydrology information I was interested in, they instantly opened up
to me. This particular village has had many problems with accessing groundwater. A large
community well was built at the center of the village, with the financial help of a European
operated NGO. Geophysical surveys were conducted by the NGO but did not reveal any
information on water table depth. Unfortunately, the well runs completely dry during the dry
season, making this feature obsolete between 4-6 months of the year. Rainfall is still common
during the dry season, so a large tank was placed on top of the well, but this is not enough for
village-wide needs. After the locals explained this situation to me and ADAWA members, they
asked us if the topographic surveys can help them identify areas where they can place a well that
can remain with water throughout the year. On this particular day, we were also joined by a civil
engineer from Coban, Alta Verapaz, who was interested in assisting the development programs
we have been working on. To date, we have not built any new wells or planned water systems
with the village; talks are still ongoing with all interested parties to further assess how ADAWA,
civil engineers from Coban, and the archaeological team can work together for these
collaborative interests.
With these examples of my own experience of community-oriented archaeology, it is
clearly shown that the simple presence of archaeologists can also have some long-term benefits
for all parties involved. For this to work, archaeologists must think beyond the rigor of scientific
investigations, have flexibility in time management of a field season, and an understanding of the
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value archaeological research can bring to the community, from heritage programs to local
infrastructural needs. These projects have shown that aside from documenting ancient societies
and extracting data, community members can tell us directly how they can benefit from the data
we are collecting from their homes.

4.1.3 Striving for a decolonial framework
As collaborations between academics and communities evolve, flourish, and,
occasionally, sputter, there are a few basic rules that should be in place to minimize troubles.
Sincere and sustained dialogue, acceptance that neither side will get everything it needs, and
patience. The scientific research questions asked by archaeologists should be framed flexibly,
with an understanding of how communities see the value of our archaeological research. This
allows projects to continue their investigations even if they lose access to specific research
locales. With scientists often broadly claiming that benefiting humanity as the primary purpose
of research, these collaborative efforts must place their focus be benefitting the communities.
Through these outlooks, a decolonizing research framework that emphasizes collaborative
research with local communities and “aims to rebalance what were unidirectional power relations
and augment multivocality” (McAnany 2016: 52). In the Nueve Cerros project, data is
disseminated through ADAWA, directly for community members, and through standard
archaeological venues (articles, conferences, field reports). In this way, all members involved
‘own’ the data.

4.1.4 Decolonizing Maya Archaeology
When conducting archaeology with communities, the investigations and data cannot be
simply extractive and maximizing the benefits for the academe. There needs to be an effort for
decolonizing methodologies, especially in Maya archaeological settings where local indigenous
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communities are actively involved in the research. Best stated by Tuhiwai Smith, decolonization
efforts for indigenous collaborators are about “centering our concerns and worldviews and then
coming to know and understand theory and research from our own perspectives, and for our own
purposes (2012:41).” Maya archaeology should be accessible to local communities for their own
research perspectives, and for their own purposes.
Below I describe the groundwater wells research in more detail. Using ethnographic and
geospatial data, I interpret the archaeological landscapes for understanding ancient hydrology.
These data were used by Q’eqchi’ farmers to construct their own wells and filtration systems.

4.2 Ethnography and Archaeology of Water in the Maya
Lowlands
Procuring potable water is an important factor for daily life in the semitropics, especially
for contemporary populations in rural Guatemala. Seasonal subsistence practices are crucial for
survival, especially regarding agriculture, droughts, and flooding. In this section I highlight
contemporary land-use practices among the Q’eqchi’ Maya, their adaptations to flooding,
droughts, and uses of different water resources. I use ethnographic and geospatial data of the
current Nueve Cerros Landscape to hypothesize how the ancient Maya inhabitants may have
used these resources in a similar manner. Additionally, my research offers an account of how the
site’s contemporary residents imagine the terrain in relation to its historical inhabitants, and how
this influences their current subsistence patterns. In understanding how ancient and current
populations interacted and modified their landscapes, I highlight the potential for solving issues
of water scarcity and potability through both academic research and the creativity and agency of
the local population.
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4.2.1 Introduction
How did the ancient Maya control their water resources at the site? How did seasonality
affect resource exploitation? What systems of water procurement allowed the inhabitants of
Nueve Cerros to adapt to seasonal droughts and political collapse? To answer these questions, I
summarize ethnographic data on current Q’eqchi’ land-use practices and understandings of
seasonality, topography, and water, as well as archaeological GIS data providing spatial
information on the multiple water resources located within Nueve Cerros. I argue that the ancient
Nueve Cerros inhabitants most likely developed a decentralized system of water control, with
groundwater providing potable water for most of the ancient population as it does for the
Q’eqchi’ today.
My aim is to outline the relational analogies that can be made between current Q’eqchi’
inhabitants of Nueve Cerros and the ancient Maya population that lived in this region. In
relational analogies (as described by Wylie 2002 and Lane 2008), similarities between ancient
and modern practices are justified either by close cultural continuity between archaeological and
ethnographic cases, or through similarities in cultural forms. I outline how landscape
management practices and opportunistic strategies of water collection today may have been
similar among the ancient inhabitants. I recognize that current practices by Q’eqchi’ have been
heavily influenced by a multitude of factors. Wartime and post-war conditions and the growing
prevalence of cattle farms and African palm oil production have displaced communities.
Additionally, modern property law, debt, and ownership systems define people’s relationship,
often precarious, with the land (Grandia 2012, Ybarra 2018, Woodfill 2019). However, the
analogies being made here will focus on aspects of the daily water management practices that the
Q’eqchi’ and ancient Nueve Cerros peoples faced living on the very same terrain.
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4.2.2 The Current Landscape at Nueve Cerros: The Northern Transversal
Strip
As I mentioned earlier, Nueve Cerros is today part of the Northern Transversal Strip, a
region in Guatemala that runs from east to west, delimiting the northern Peten lowlands and the
southern highlands. In post-World War II Guatemala, the population of the highlands
experienced high population pressure, forcing families to move further north in Alta Verapaz,
Guatemala, along the shores of the Chixoy River. By the 1970s, an oil pipeline was being built
along the Northern Transversal Strip, in which the exploitation of oil sources became easier,
along with the construction of a highway (Grandia 2012). This coincided with the Civil War
(1960-1996) and thus with a great increase in military presence and revolutionary forces. By
1990, the Northern Transversal Strip received an increased number of migrants including
subsistence farmers, cattle ranchers, and laborers for exploiting the oil resources (Smith 1990).
Many of these migrants were taking advantage of resettlement programs or fleeing violence from
their homelands. More specifically at Nueve Cerros, the site area has been occupied by multiple
groups. The salt works were controlled by the Akalah Ch’ol, the cultural descendants of the
urban Maya of the Classic period southern lowlands, at the time of Spanish arrival but have since
been under control by highland Maya populations, Spanish priests and soldiers, ladino
landowners, urban municipalities, and foreign oil companies (Woodfill 2019). After heavy
exploitation by the oil, maize, and beef industries, the landscape today is primarily settled by
Q’eqchi’ milpa (horticultural corn) farmers who came from the highlands, African palm
industries, and cattle ranchers. Because of this, much of the land is cleared and deforested, with
the salt dome and nearby hills being the few remaining forested areas left.
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4.2.3 Collecting Ethnographic Data: Q’eqchi’ Farmers at Nueve Cerros
The ethnographic data was collected by William Odum, the community development
coordinator and cultural anthropologist for the Nueve Cerros project. Odum conducted multiple
interviews with milpa farmers in the Tierra Blanca region of Nueve Cerros between 2017 to
2018. These interviews were conducted to understand current water management practices,
specifically potability, waste, and access. Odum worked with 29 different communities,
assessing general themes of well-being, but has gravitated toward a focus on the most pressing
issues: water contamination, management, and access.3 Below I very briefly summarize some of
the results.
Ethnographic Summary
Currently, the situation in the region is bleak, with approximately half of the families
lacking access to a well or a reliable water source. Furthermore, many families’ wells dry up
during the dry season, which lasts approximately two months. The wells that do maintain low
water levels during the dry season, are mostly filled with surface water that is contaminated by
latrines and other sources of pollution. Those without access to groundwater often use nearby
streams in the forest, stagnant collection pools in the agricultural fields, or various sources in the
surrounding communities. Although there are plenty of streams around Nueve Cerros, many of
them are polluted with trash, dead animals, pesticides, and other pollutants. Communities near
two of the major rivers, the Chixoy and the Icbolay, acquire water from these sources even
though they know about the high level of contamination. Although some families do use this
water for consumption, usually boiling it, many just use it for gray water purposes such as
washing clothes and dishes and bathing. Nonetheless, this water causes harmful effects to the

3

The ethnographic data collected by William Odum has IRB approval, which is necessary for conducting research
involving human subjects.
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population including dish contamination and rashes from the clothing. In response to these
issues, the Nueve Cerros and ADAWA have worked together to increase awareness of water
filters. Families with access to well water are healthier and have an easier time carrying out
household labor such as cooking and washing clothes and dishes.

4.2.4 Collecting Archaeological Data: Surveying the Current Nueve Cerros
Landscape
Between 2015 and 2018, I carried out field surveys to look for water features within
Nueve Cerros. Specifically, I searched for water features that may be closely associated with the
architectural mounds found at the site, and natural features that the Q’eqchi’ may use. I used a
Trimble GeoX (6000 series) GPS to map depressions, streams, and springs. I undertook the
reconnaissance at the site with local Q’eqchi’ Maya, assisting in finding water features. The
Trimble allows data to be collected as points, lines, or polygons. Most features were mapped
using the line feature, which allows users to map the area while walking. Points were also used
to complement the line data. Photographs of different features, including streams, wells, and
small depressions, were also taken. In addition to field surveys, during the 2018 summer field
season, I conducted drone surveys and processing of the Tierra Blanca region, as well as other
important areas of the archaeological site including the epicenter and the salt production zone.
The drone survey was conducted using the same process outlined in Chapter 6 and Appendix A.

4.2.5 Ancient to Modern Landscape Management
Depressions and ancient reservoirs were found through field surveys and aerial
photography throughout the Nueve Cerros region, and many more were revealed through drone
surveys. However, on-the-ground mapping was crucial in understanding current uses of
depressions and streams in the region.
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In the southwest area of the Tierra Blanca region, many current farmers have built wells
for their personal, family use. Three of these wells were in fact small depressions in the
landscape in areas next to archaeological mounds and features. When we asked the farmers, who
made these wells and how they designed them, they told us they had noted water collection here
and had assumed it was created or used by ancient populations. Indeed, these depressions were
probably used as groundwater wells in the past, with groundwater flowing through year-round.
Today, these wells are minimally constructed, with one of them modified for a filtration system
(Figure 4.2). In this case, one of the farmers dug out two depressions that were near each other,
enough for groundwater seepage to occur. A trench was dug connecting the two, leading water
from the higher elevation to the well at the lower elevation. In addition, the water was filtered
through a wooden plank, held in place by stones along the sides. This wooden plank acts as a
sluice gate and as a preventative measure to avoid silting, running dry too quickly, directing gray
water runoff, and acting as a constructed berm. This system replicates a much smaller-scale and
simplified version of a reservoir filtration system at the ancient site of Tikal, Guatemala
(Scarborough et al. 2012). In the Tikal case, siltation tanks and sluice gates were used for the
control of water resources in the epicenter of the large polity.
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Figure 4.2. Re-use of an ancient wells, with a trench dug to connect both feature for filtration.

After filtering and drinking water from the improvised wells constructed out of the
depressions, the residents became excited at the possibility to expand their innovation beyond
graywater purposes. This marked enthusiasm and level of engagement that is necessary for
collaborative and sustainable solutions to issues such as water contamination. The use of these
ancient depressions creates a unique situation for this village. Thus, locating water features,
ancient or current, helps our ethnographic goals and aids our archaeological research questions.
Currently, the landscape at Nueve Cerros, especially the Tierra Blanca region, is
dominated by milpa farming of maize. Many of the ancient mounds are not covered by forest
overgrowth, but rather by corn plants. With corn crops as their main form of income, the
Q’eqchi’ exploit as much of the land as possible, planting in all areas surrounding them,
excluding the modern roads and the immediate surroundings of their houses. The only areas that
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are not used for planting corn are in the drainage areas such as the swamps, in the springs, and in
the streams. The streams are seasonal, but many retain enough water during the dry season to
obstruct milpa farming. However, even in some low-lying swampy areas, many farmers dig
trenches to deal with run-off and to keep crops from flooding.
During August, between the end of the dry season and the start of the rainy season, these
streams begin to fill with water, and merge with the Chixoy River more frequently. Higher water
levels allow for fish and other aquatic animals to disperse, which makes it more difficult to fish.
For this reason, people fish more during the dry season. However, the erratic weather patterns
cause the streams to fill up one day and begin to dry out the next. This causes an abundance of
in-stream fish, and possibly other aquatic animals, to enter the streams and become trapped for
days or possibly weeks in people’s backyards. This is made very clear with a visibly large
increase in vultures along floodplains and swamps where fish are caught in dried-up streams.
The Q’eqchi’ here often take full advantage of this situation. Dozens of people can be seen
grabbing fish and depositing them into 10 kg sacks along the streams after a heavy rain. These
are seasonal streams that act almost as natural fish weirs, with receding water coming from the
changes in the weather and the seasons with fish channeling to dried locations.
Currently, during the rainy season it is too difficult to canoe the Chixoy River. The
waters are too erratic and strong to allow paddling. However, during this season smaller
peripheral streams are filled, and water reaches to the confluences of the Chixoy. The streams
become navigable, with enough width and depth for canoes to easily go through. During flooding
and on rainy days, the current inhabitants in the area use the streams—sometimes with no other
option—to travel to different plots of land as an alternative to traversing through the milpa.
These alternative routes suggest that canoe travel like this could have been employed during the
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Classic period as well, with the Maya using streams as intra-site routes during floods and
rainstorms.

4.2.6 The Aerial Landscape Perspective of Nueve Cerros
These preliminary results allow us to look at land-use and settlement strategies of the
ancient commercial population and some current Q’eqchi’ farmscapes in Tierra Blanca.
Excavations of a few of these depressions showed stratigraphic evidence of a high-water
table that in fact currently fills with water during the rainy season (Chapter 5). Contemporary
farmers who own these parcels have told me that before the intensive milpa farming, when these
areas were forested, water would stay in some of the larger depressions year-round. In addition,
using the ancient depressions as their own wells, Q’eqchi’ farmers also dammed one of the
streams and dug for welled water, using only planks of wood to regulate flow and more
efficiently retain water.
It is likely that during the Classic period the Maya were not conducting slash-and-burn
farming at an intensive level, with agroforestry being relegated to areas outside of the saltproducing center. Currently, the corn fields are planted over many of the ancient mound
architecture, which surely would not have been the case in the past. The water catchment
strategies, however, may have been very similar. The presence of multiple depressions in the
northern Tierra Blanca zone, near residential architecture, suggests that inhabitants at the site
may have primarily used dug wells for groundwater usage. The prolonged droughts were a factor
in the lowland collapse of major Maya polities, but with alternative access to groundwater,
ancient Nueve Cerros was able to prevail.
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4.2.7 Conclusion
Combining ethnographic and archaeological methods has proven useful in the transversal
region of the southern Maya lowlands and will continue to have potential with research on
contemporary and ancient water management. Employing applied ethnographic methods in the
context of archaeological investigation stands to benefit both subfields and the communities that
are involved. The changing adaptive strategies of the Q’eqchi’ Maya during both the dry season
and rainy season have potential implications for how the ancient Maya may have utilized their
landscapes. The transition between the two seasons is also of importance for the opportunistic
strategies that become available to the Q’eqchi’. Hypothetical considerations such as these must
be anchored in ethnographic investigation to accurately assess the potential for and extent of
analogy between contemporary and ancient water management practices.
Conversely, the knowledge of these practices has also served useful in the project’s
applied initiative to aid in the region’s struggle for expanding access to potable water by
influencing plans to assess the issue. Introducing bucket-sized water filters to purify graywater in
these re-opened depressions as we’ve described offers a solution that stands to be as resilient and
effective as it is distinct because of how it is rooted in the imagination, creativity, and agency of
community members.
These data were recorded in the context of an archaeological project. The original focus
of this project was to understand the purposes of the ancient depressions. Combined with
ethnographic research, this led to a realization of how residents imagine and interact with their
surroundings, which in turn opened new possibilities for integrated, community-led solutions to
major water issues between the local residents and us, the researchers. This was only possible
due to the focus of the archaeological survey on water features across the landscape. This study
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stands as a testament to the potential for mutual benefit between researchers and the local
populace.
Water management studies in the Maya lowlands have a long history of research. They
have been multidisciplinary, ranging from foci on iconography and epigraphy,
paleoenvironment, artifact analysis, and increasingly to a spatial, landscape, and GIS focus. I
provided a multi-scalar and method approach to the strategies developed by the ancient Maya, as
well as by the current Q’eqchi’ Maya at Nueve Cerros. These methods have the potential to
provide new insights into Maya planning and sustainable practices that could have accounted for
the thriving of a long-term population. In addition, this combination has proven to offer new
perspectives and approaches that can help applied anthropological research to engage with its
participants and informants and geographical context differently. This study is an example of
how local populations and researchers can simultaneously work together and lead to higher
efficacy and more discoveries for everyone involved.
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Chapter 5: Excavations at Nueve Cerros: The
Tierra Blanca Region
In this section, I present the results of excavations conducted at Tierra Blanca in 2018.
These excavations were conducted to complement excavations elsewhere in Tierra Blanca,
especially with a focus on landscape studies. The excavations conducted helped answer
questions about the commercial population of Nueve Cerros, as well as water management and
hydrology of the ancient city.

5.1 Objectives
1) Excavations of depressions in Tierra Blanca to understand their construction and
relationship with hydrology and ancient water management
2) Excavations of mounds associated with the depressions for ceramic cross-dating, and to
understand the chronology of this architectural group
3) Analyze the artifact data, specifically ceramics and obsidian to determine their function,
trade networks, highland-lowland interactions

5.2 Methodology
The excavations of SNC 63 and 64 focused on 3 depressions and 2 archaeological
mounds (Figure 5.1). These excavations used the process of delimited through natural and
cultural levels, as well as following out architectural features. The majority of the architecture at
Nueve Cerros is earthen as opposed to stone. To control the stratigraphic levels, these units were
mostly excavated in 10 to 20-centimeter lots. Lots were used to separate the cultural and natural
stratigraphic layers.
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In addition to the excavations I conducted in 2018 (Op 63 and 64), I summarize
excavations in this region from previous years, and all other depressions excavated in the greater
Nueve Cerros area. This includes depressions and mounds from the Tierra Blanca neighborhood
and depressions from the epicenter. Although the results of these extra excavations are not the
focus of my study, there are relevant archaeological features that can help elucidate and
contextualize my own excavations more clearly.
Munsell Soil Chart readings were taken of every stratigraphic level. The color
terminology used below reflects the range of soils within the Munsell.

5.3 Tierra Blanca Residential Sector
Three current Q’eqchi’ villages are occupied atop the ancient site: Tierra Blanca Salinas,
Tierra Blanca Sebol, and Tierra Blanca Chixoy. Architectural group 63 corresponds to the
southwestern section of the greater Tierra Blanca area (Figures 5.2 and 5.3). The archaeological
remains are located directly behind a Q’eqchi’ grade school and is surrounded by the modern
Tierra Blanca Salinas village.

5.3.1 SNC 63A
SNC 63A is a large ancient depression surrounded by mounds (Figure 5.4). Currently, the
depression exhibits poor drainage throughout the year. During the rainy months, the depression
holds water, but in the past, this would hold water all year long. The deforestation of this area for
current milpa (swidden farming) practices have begun to deplete the soil and assists in draining
away the water as well. Even with these practices though, 63A generally exhibits poor drainage.
During the strongest rainy months of the year (July-August), this depression becomes a breeding
ground for tadpoles, making this feature appear more of a pond. Additionally, the local farmers
informed me that before the intensive milpa farming, they used to fish out crawfish from
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crawfish burrows in this depression. The current state of this feature appears to be more of a
natural pond providing a seasonal habitat for wetland animals.
Five 2x2 meter units were placed for excavations, one in the center of the depression and
four along the edge. These units were placed in locations to determine the depth of the original,
ancient surface of the depression, and to assess possible construction practices and architecture
for retaining or directing water.
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Figure 5.1: Regional Map of Nueve Cerros, with an expanded view of the Tierra Blanca Residential Sector.
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Figure 5.2: Tierra Blanca map with Operation 63 expanded. Units of excavation are shown for Operation 63.
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Figure 5.3: Tierra Blanca map with Operation 64 expanded.
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Figure 5.4 Photographs of the environment of Operation 63: A) photograph of depression 63A, with clear
dark humus rich soil in the center; B) A view of from the summit of mound 63B; C) A view of depression
63C.

The central 2x2 meter unit excavation exhibited five stratigraphic horizons, or layers
(Figure 5.5). The top layer is humus-rich slope wash, extending about 20 centimeters in depth
with an abrupt boundary. The soil consists of a dark grayish brown (10YR 4/2) color and has a
very high silty clay texture. The second horizon is an illuvial layer that is about 12-centimeters
thick. This layer also has a very silty clay texture consisting of a light brownish gray (10YR 6/2)
color. The next soil horizon is a 35-centimeter-thick illuvial slope wash layer. This horizon
contains a high silty clay texture with a brown (10YR 5/3) color. Redox is highly present in the
profile, but the no iron-manganese nodules were seen while conducting the field soil
descriptions. The next horizon is a 50-centimeter-thick illuvial slope wash layer. This layer is
grayish brown (10YR 5/2) in color, and has a high silty clay texture, with more clay in the soil
than any soil horizon seen in the Tierra Blanca excavations. Redox and gleying are also highly
present in this horizon. The final soil horizon consists of the natural, parent soil, and only about
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15 centimeters were uncovered before reaching the water table. The soil is light brownish gray in
color (10YR 6/2), with a lower silty clay loam texture.
The excavation of this central unit did not show any evidence of construction or
architecture to retain surface water. There were no limestone, plastered pavements or surfaces
detected in the profile. I classify the soil as an aquept Inceptisol or an aquoll Mollisol, since the
water table is very close to the surface. The stratigraphic profiles of this unit also clearly show
reticulate mottling, which is a secondary soil color due to the redox associated with wetness. The
image in Figure 5.5 shows the clear boundary between layer 3 and 4, which is due to
endosaturation. The soil is saturated from rainfall above and from the water table below.
Additionally, the profile shows clear animal burrows throughout the entire unit, creating soil
krotovina. This is most likely the crawfish burrows mentioned by the local Q’eqchi’ farmers in
the area. The krotovina are essentially relict features of crawfish habitat before monocropping.
There is no indication of ancient Maya management of this “pond” in the past, but it is clear that
groundwater collecting would have been viable.
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Figure 5.5: Photo and Stratigraphy of 63A unit 1: A) Photograph of western profile with water infilling due
to the high-water table; B) Illustration of the western profile of 63A, unit 1.

Excavations of units 2-4 create a trench, with unit 5 opened east of unit 3 to determine if
there are architectural features (retaining wall or sluice) along the edge of this depression (Figure
5.6). At the southern end, in units 2-3, there is a top layer of a humus-rich slope wash, with a
thick brown (10YR 4/3) layer of infilling sediment into the depression. In Units 3-4, layers of
plaza and mound fill illuviated downwards towards the depression. Below the infilling, another
illuvial horizon is present, with redox and reticulate mottling similar to layer 3 in unit 1 to the
south. This soil is a silty clay loam, light brownish gray (10YR 6/2) in color. At the bottom of
the excavation, in the entire trench, is the underlying natural soil horizon. This horizon is pale
brown (10YR 6/3) with a silty clay loam in texture. A possible daub (or commonly known as
bajareque in the Maya lowlands) was found in this level. This was originally interpreted as
possible remains for an embankment/retaining wall, so a 5th unit was placed to the west to
uncover more possible daub remains. Most importantly, this soil horizon has reticulated mottling
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with large iron-manganese nodules. These nodules vary greatly in size, with the largest up to fist
sized nodules.
Unit 5 showed the same soil horizons as unit 3. The focus of this excavation was to
discover any kind of construction, daub, or architectural remains. Below the layers of illuvial
slope wash and fill, a few more pieces of bajareque were uncovered. However, there is no
evidence of form or architectural structure with these remains. Most likely, they are feature
remains that collapsed from the mound above to the north, 63B.
Feature 63A today visually appears to be more of a natural pond than a constructed
reservoir or well. The lack of construction features in this feature did not support rainwater
collection as a primary means for a potable freshwater supply. However, groundwater supply
may have been plentiful and easily accessible for the ancient Maya inhabitants. The soil profile
of the unit 2-4 excavation trench shows that prior to abandonment of the region by the ancient
Maya, this feature may have been dredged to allow for greater water access.

Figure 5.6: Photograph and profile drawings of the trench excavation of Operation 63A, units 2-5: A)
Photograph of units 2-4, with clearly visible soil horizons and mottled sterile soil; B) Profile drawing of
archaeological trench; C) Photograph of unit 5 with bajareque directly above the sterile soil; D) Profile
drawing of unit 5, showing the same soil horizons as unit 2 and 3.
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5.3.2 SNC 63C
SNC 63C is a much smaller circular depression, located north of mound 63B, and east of
another unnamed mound. The excavations conducted in this feature are similar to the excavation
of 63A (Figure 5.7). Three adjacent 2x2 meter test units were placed along the western edge of
the depression, and one 2x2 meter test unit was placed in the center. Topographically, this
depression is at the lowest elevation compared to the others that were excavated. Currently, the
center of this depression exhibits poor drainage, and during the rainy season it fills up with
water, enough that the local farmers are unable to utilize it for milpa farming. There was no
evidence of crawfish, tadpoles, or other animals, suggesting that this might have never been an
aquatic habitat.
Unit 4 is a 2x2 meter test pit placed in the center of 63C. This excavation exhibited 5
stratigraphic layers. The top layer is a humus-rich slope wash, extending about 10 centimeters in
depth with a gradual boundary. This soil consists of a dark brown color (10YR 3/3) with a silty
clay loam texture. The second soil horizon is a 20-centimeter-thick accumulation of organic
matter, a common indicator of a hydric soil. This layer is a silty clay loam, very dark grayish
brown (10YR 3/2) in color. The third soil horizon is an illuvial slope wash layer in which
mottling and gleying begins to appear. This soil is dark brown (10YR 3/2) in color with a silty
clay texture. The fourth horizon is another illuvial slope wash layer with mottling and gleying,
but also with the appearance of iron-manganese nodules. The soil is a dark grayish brown (10
YR 4/2) and with a higher silty clay texture than the third soil horizon above. The final, 5th
horizon consists of the underlying fluvial soil with redoximorphic features and high amounts of
iron-manganese nodules. The profile shows that this horizon may have been dredged to access
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underground water and/or mound construction.

Figure 5.7: Images and profiles of depression 63C excavation: A) Photograph of trench excavation of 63C
units 1-3; B) Profile drawing of trench excavation 63C units 1-3; C) Photograph of the central excavation of
63C unit 1; D) Profile drawing of the center of the depression.

Units 1-3 show very similar features to the trench excavation units of 63A. This trench
was opened to determine if there are any architectural features related to reservoir construction.
All stratigraphic layers showed that this feature did not have construction features related to
water retention, but in fact did have redoximorphic features seen in the central excavation (unit
4). A 10-centimeter top layer of a silty clay loam humus soil very dark brown in color (10YR
2/2) is seen throughout the trench. Below this is another horizon seen throughout the excavation
trench, an illuvial layer consisting of a silty clay loam texture and dark brown (7.5YR 3/3) in
color. This layer has an abrupt boundary with the layer below consisting of a silty loam horizon
with redoximorphic features and mottling. This does not appear throughout the trench, only in
unit one towards the center of the depression. In units 2 and 3, towards the mound to the west,
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there is no evidence of mottling, redox, or endosaturated soils. In fact, the soil horizons in units 2
and 3 most likely represent colluvial fill layers from the nearby mound and plaza surface.
Depression 63C is much smaller than 63A, but they both share similar stratigraphic horizons.
The soil in the center appears clearly dredged, with evidence of an unstable water table.
Colluvial slope wash was deposited directly above the bottom horizon. We did not recover any
materials indicating a maintenance for rainwater retention, other than the dredging itself.
Artifacts including ceramics, chert, and obsidian were recovered, but not nearly as much as the
SNC 64 excavations. It is probable that this depression was originally dug for either
groundwater extraction or for mound construction but was probably utilized as a groundwater
well during the Late Classic.

5.3.3 SNC 64C
SNC 64C is a small circular depression, located east of the other depressions excavated,
and north of 64A, the tallest mound in this residential group. Topographically, this depression is
at the highest elevation compared to the other depressions in the group. This excavation took
place in July 2018, during the beginning of the rainy season after the crops were planted. The
crops grown in the center depression are not stunted, unlike those within 63A and 63C. This
depression is well-drained, unlike 63A and 63C to the west. Four 2x2 meter units were placed,
one central unit (unit 4) and three along the western edge (units 1-3).
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Figure 5.8: Photographs and drawings of Operation 64 C: A) Photograph of trench excavation units 1-3 with
visible sandy sterile soil; B) Profile of trench excavation; C) excavation of unit 4, with clear sandy sterile soil
layers visible on the bottom right; D)Profile of unit 4 excavation.

Similar to all depression excavated in Tierra Blanca, the central test unit did not show
construction features (Figure 5.8). The top layer is the typical humus rich horizon, with a silty
clay loam texture and dark brown in color (10YR 3/3). Directly below this layer are three
artifact-dense colluvial fill horizons. These can be seen across the unit and are also visible in unit
3 in the archaeological trench. These horizons are very similar to mound fill layers seen at
excavations elsewhere in Nueve Cerros and Tierra Blanca. All three have a silty clay loam
texture, with a brown, yellowish brown, or brownish yellow color. Below these horizons are a
couple of visible substrata of more infilling colluvium into the depression. The final layer
consists of a sterile sandy loam soil. The layers of sand are clearly visible in the profile, which
are due to fluvial deposits of the Chixoy River. In this unit there was no evidence of mottling,
gleying, iron-manganese nodules, or redoximorphic features. There was no evidence of a highwater table in the excavation. The excavation results indicate that this depression was a borrow
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pit, probably for mound construction and as a trash dump, based on the quantity of artifacts
found.
The excavation trench of units 1-3 show very similar features to the stratigraphic profile
of unit 4. A long 10-25 cm humus rich horizon extends throughout the excavation, with a silty
clay loam texture and dark brown in color. Below this are four layers of artifact dense colluvial
fill horizons. They contain silty clay loam textures and range from yellowish brown to pale
brown in color. These soil horizons do not show mottling, iron-manganese modules, or any other
redox features. Below these horizons is the natural “Pre-Maya” sterile soil. No artifacts were
found at these levels. These horizons had very little clay, with the silt loam and sandy loam
textures towards bottom of the unit. In addition to not having artifacts, there was also no
evidence of a shifting water table, or architectural features related to water retention.
Feature 64C did not show any evidence of functioning as a pond, reservoir, or
groundwater well. The depression simply appears to have been a barrow pit, possibly initially
used for the construction of the largest mounds in this residential group. Additionally,
excavations of this feature recovered the highest quantity of artifacts, more than any of the
depressions or mounds excavated. This suggests that after functioning as a barrow pit, this
feature may have been a trash dump, similar to small depressions found elsewhere in the Maya
lowlands (see Weiss-Krejci and Sabbas 2002).

5.3.4 SNC 61 B
SNC 61B is at the periphery of the southwestern Tierra Blanca area. This depression was
excavated in the 2013 and 2015 field season. Similar to the other depressions, this one is located
directly south of a small residential mound. These features are located behind a current
Evangelical church and pastor’s household. The church and household are surrounded by milpa
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farm parcels, similar to the rest of Tierra Blanca. The center of this depression is also unable to
be farmed due to poor drainage especially during the rainy season. The mound and the center of
the depression was dug in 2013 by Gabriela Velasquez Luna (2013), which was labelled Op. 61.
The purpose of the central excavation was to determine whether there were cached dedicatory
offerings in the center, as is common in many well-defined depressions such as aguadas, cenotes,
and lakes (De Anda 2007; Coggins 1992; Rice and Pugh 2017; Lucero et al. 2017). In 2015, I
dug a 3 x 2-meter trench along the edge of the depression, to determine whether there were any
construction features related to water retention. The original 2013 field report mentioned that the
central excavation did not reach sterile, “Pre-Maya” soil. This trench is labeled 61B, while the
central 2x2 excavation was labeled as SNC 61-4.
The central excavation uncovered four soil horizons. The top layer is a humus rich
horizon, followed by three layers of slope wash fill. Soil texture was not recorded using the
standard field methods outlined by Schoeneberger (2012), but rather as a general comparison of
sand and clay between the strata. The second and third strata consist of a sandy texture, and the
last horizon consists of a “compact” sandy soil. Artifacts were recovered in all soil horizons. No
architectural features were found. The most important feature of this excavation is the soil color
and inclusion of the final horizon. Velasquez Luna described the soil to consist of yellow stains
and black inclusions. It is safe to suggest that she is describing mottling and iron-manganese
concretions. The stratigraphy described implies that there is a high-water table in the center of
this excavation.
The soils of the trench excavation were very similar to those in 63A and 63C (Figure
5.9). The top layer is a humus rich horizon, followed by a layer of slope wash fill. This fill
contained many artifacts and is yellowish brown, with a silty clay loam texture. The next horizon
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is also a fill layer, with more artifacts, a silty clay texture, and reddish brown in color. The
bottom of this horizon had many ceramics, with a dense concentration towards the northern edge
of the unit, reaching towards the center of the depression. This concentration of ceramics was
originally interpreted as a possible surface of the depression, used to help hold rainwater.
However, after examining the artifacts, the ceramics may have been deposited as dedicatory
offerings. In particular, we were able to identify a partial Early Classic basal flanged incensario
lid and a fragmented dog figurine. The final horizon probably consists of the same soils seen in
the central 61-4 excavation pit. The soil is mottled with many iron-manganese concretions. There
were no artifacts recovered at this level.
The field soil analysis from this depression confirms that this feature has a high-water
table, with redoximorphic features seen in the lowest horizon, suggesting that it was used as a
groundwater well during the Classic period. The presence of ritual artifacts at the bottom of the
dredging suggest that this depression may have served as a sacred location for groundwater
extraction, as opposed to a trash dump.

Figure 5.9: Photograph and profile drawing of 61B: A) photograph showing the west profile and bottom of
the trench excavation, with mottling and large iron/manganese concretions on the ground and wall; B) Profile
drawing of 61B.
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5.4 Previously Excavated Depressions at Nueve Cerros
5.4.1 Operation 5C
Other depressions have been excavated at Nueve Cerros. In the epicenter a group called
the Plazas of the Ballcourt, is a ritual center with a ballcourt, triadic architecture, and a large
depression to the southwest. Architectural excavations of this ritual center have revealed a longterm occupation, from the Late Preclassic to the Terminal Classic period. One of the more
important distinctions between this group and those in Tierra Blanca is the presence of stone
architecture. The majority of the architecture consists of limestone as opposed to having earthen
features. Currently, this depression holds water during the rainy season, and historically held
water perennially before the intensive milpa farming (Mijangos Pantaleon 2012). Additionally,
the surface is covered with an abundance of freshwater snails. This feature was defined as an
aguada, with water flowing into it from a nearby stream (Figure 5.10). This depression, labeled
Operation 5C, was excavated to uncover architectural characteristics of water retention and to
establish its chronology with the rest of the ritual center. Thirteen 2x2 meter excavation units
were placed in this feature, with none of them reaching sterile “Pre-Maya” soils due to reaching
the water table early. The following results show that this depression has evidence similar to
urban reservoirs common in the Maya lowlands.
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Figure 5.10: Operation 5C. A) Map of the “Ball Court Plazas” with the depression starred and located to the
southwest; B) Image of the center of the depression.

This feature was not excavated to sterile soil or bedrock. However, this very much looks
like the classic “reservoir sediment” seen at sites such as Waka’ and Yaxnocah (Brewer et al.
2017; Marken et al. 2019). Layers of dark clayey soil could be seen in the stratigraphy, with
alternating sandy lenses, suggesting episodes of constant water flow and stagnation. In the
original field report, Mijangos Pantaleon (2012) compares these reservoir sediments to those at
Tikal, which show a similar sedimentation pattern. Additionally, the different units in the center
of this reservoir show evidence of periods of use and refurbishment of the underlying floors
(Figure 5.11). No profiles of the stratigraphy were drawn, but the images show accumulated
clayey horizons between the layers of flooring. Cut and natural stones were found in all units of
the excavations. Some of these were collapsed architectural features from the surrounding
mounds or were used as retaining walls for the reservoir.
The large quantity of ritual artifacts suggests that this reservoir also contained a midden.
19 figurine fragments (MNI of 19) were recovered, 2 small ceramic vessels, one large ceramic
bead, and an incised bone spatula fragment. The deposition of ritual materials is common in
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many water holding features and signify the importance of obtaining water among Maya
lowlanders.

Figure 5.11: Photographs of the excavation of depression 5C: A and B are profiles of different units within
the depression, showing different levels of reservoir sediment and fill; C) A Late Classic cached offering in
the center of 5C.

5.4.2 Operation 6A
6A is the number assigned for another depression located in the epicenter. The exact
location was not recorded, other than noting that the depression was located east of the ballcourt
plaza (Operation 5C). Excavated in 2010 (Woodfill et al. 2011), this feature was originally
labeled as an aguada. The size of this feature was not recorded, but nine 2x2 meter units were
placed in the depression, suggesting this was a rather large feature. The objective of this
excavation was to find similar architectural features and ritual deposits similar to the 5C
reservoir.
Excavations did not reveal any architectural features (Figure 5.12). The original field
report did not explicitly mention redox, clayey reservoir sediments, or other clear evidence of
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water inundation. However, the report did mention a soil horizon that is 60 cm deep and 30 cm
thick, with a sandy texture and yellow stains. In addition, she mentions that there are “white and
orange streaks,” which may be root oxidation, a common redox feature. There were no ritual
midden or deposits recovered in the excavations, and authors argues that this depression was
used for a short period of time during the Late Classic based on ceramic dating. The results of
this excavation suggest that this depression was not a reservoir but may have been used
originally as a barrow pit for mound construction, and minimally used for groundwater
procurement.

Figure 5.12: (A) Early Map of Nueve Cerros with (B) profile drawings of depression 6A.
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5.5 Mound Excavations in the Tierra Blanca Residential
Group
5.5.1 SNC 63B
SNC 63B is a small, mound located directly north of the depression 63A. This mound
has been heavily looted, with a large looters pit placed at the summit of the mound that nearly
reaches the surface of the architectural group. It is difficult to determine the original height of the
mound due to the looters pit, but the mound was approximately 2.5 meters tall. To understand
the Tierra Blanca residential group, excavations in this mound were conducted for a secure
chronology of the group, collect a sample of materials that would indicate domestic activities,
and to quantify the variety of imports that the commercial population had access to. Four 2x2
meter units were placed, two along the southern side to axially trench the mound, and another
two along the western side to also axially trench the mound.
63B was a shortly occupied mound, with 2 or 3 levels of construction fill (Figure 5.13).
The top layers consisted of the looters backfill and the humus topsoil typical of the Tierra Blanca
area. Amorphous clayey blocks can be seen in the profile, possibly a form of structured fill.
Joyce et al. (2013) defines structured fill as “fill that is comprised of sediment carefully mixed
prior to being deposited, often using unfired adobe blocks and occasionally fired brick of various
sizes. This form of construction fill is common in ancient Oaxaca and Central Mexico, but the
study of ancient Maya architecture seldomly acknowledges earthen construction practices.
Below these layers of fill, is the underlying sterile soil. This soil horizon is strong brown
in color with a silty clay loam texture. This layer shows no evidence of redox, dark clay soil,
gleying, or other features typical of water saturation. This is a very important observation for two
reasons. First, this signifies that the underlying sterile soil in this region is not homogenous. The
clearly endosaturated soils below depressions 63A, 63C, and 61B are in very close proximity to
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this mound, yet with vastly different features. Second, the water table is not easily accessible in
all areas, making the procurement of water an important settlement decision.

Figure 5.13: Photographs and profile drawings of mound 63B. (A) and (B) are images of units 1 and 2, (C)
and (D) are images of units 3 and 4.

5.5.2 SNC 64A
SNC 64A is the tallest mound of the group. It is located right along the stream bank that
bounds the residential group to the south. This mound is also the most heavily looted with a Tshaped trench that destroyed the summit and eastern axis of the mound. Again, it is difficult to
determine the original height of the mound due to the looters pit, but the mound was
approximately 3.5-4 meters tall. Surface finds from the looters trench showed a variety of elite
style Nitro Inciso ceramics that were probably whole vessels that were crushed from looter
excavations. This mound had the most promise for obtaining a large variety of artifacts from
controlled excavations. Interestingly, this is also the only mound with visible collapsed
architectural stones in the residential groups. Many of stones are out of place and were removed
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A 2x2 meter test unit was placed slightly off the eastern axis, since an axial excavation wasn’t
possible due to the size of the looters trench.
This excavation reached down to 2.5 meters below the surface and did not reach sterile
soil due to time constraints. This mound contains at least seven layers of unconsolidated fill
(Figure 5.14). Directly below the humus-rich top layer is a large stone facing, one of the few
found in situ at this mound. This stone does not appear to be used for structural integrity, but as a
decorative representation of the summit of the mound. In addition, amorphous clay block can be
seen in the stratigraphic profile, specifically in the lower levels of the mound. These may be the
structured fill described in the 63B. In addition, remains of a probable earthen floor were
recovered, but not seen in the profile.

Figure 5.14: Photograph (A) and profile drawing (B) of excavation 64A.

The many fill deposits suggest a long occupation use of the mound in this residential
group. The ceramic chronology thus far corroborates this, with evidence of Late Preclassic
ceramics at the lowest stratigraphic fill layer, and a predominant Late Classic final layer. Since
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we did not dig to sterile soil, it is still possible that this location was founded in the Middle
Preclassic, like in the ritual areas of Nueve Cerros. We also found evidence of Late Classic
highland style ceramics, although with minimal context since it was looted. Interestingly, the
obsidian collected in this mound also shed light on trade patterns throughout time. As I will
describe in the next chapter, the early obsidian recovered can be sourced to the San Martin
Jilotepeque region, while during the Late Classic, there is more variation including El Chayal,
Ixtepeque, and Central Mexico.

5.6 Mounds previously excavated in the Tierra Blanca
Residential Group
5.6.1 Operation 62
Operation 62 consisted of a platform and a 1.25-meter mound investigation in the
northern limit of the Tierra Blanca residential group, about 450 meters away from operation 63
(Figure 5.15). The platform was constructed at the at the confluence of two streams that drain
into the Chixoy river. Six 2x2 meter units were opened for excavations.

Figure 5.15. Operation 62.
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Excavation of the platform uncovered a stream bed that predates architectural
construction, suggesting that the streams were also running through here during Pre-Hispanic
times. Excavations of the mound shows two construction phases (probably Late Classic) and a
termination deposit. Polychrome ceramics and figurine fragments were recovered, suggesting
there was some level of ritual activity taking place in this area. Castañeda Tobar (2015) argues
that based on proximity to the streams, this mound-platform function as a locale for agricultural
activity. Specifically, the water would have been irrigated or used for pot irrigated cultivation.

5.6.2 Operation 61
This operation consisted of a mound excavation in the western area of Tierra Blanca. The
mound is located behind depression 61B to the south. Six 2x2 meter units were placed in the
mound, along the axis, and in the corners.
Two Late Classic dedicatory offerings were recovered dating to the Late Classic period
(Figure 5.16). No stratigraphic profiles were drawn but the archaeologist (Velazquez Luna 2013)
noted that the ceramics recovered suggested a long-term occupation from the Late Preclassic to
the Late Classic period.
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Figure 5.16. Plan drawings of excavation mound 61: A) Surface/floor remains within the mound; B) and C)
are evidence of cached partial vessels.

5.7 Discussion: Late Classic Architecture and Watery
Landscapes
The ceramic chronology suggests that the mounds were primarily constructed during the
Late Classic. However, the tallest mound in the group, 64A, has evidence of a Late Preclassic
occupation at the lowest excavated fill layer. Due to time and safety, I did not continue
excavating further into the mound. Early Classic ceramics were also evident throughout the
group and are explained further in Chapter 7.
Securely dating hydrological features can be notoriously difficult. Many architectural
features are palimpsests that may have been used for centuries or millennia, with continual
erasure of earlier usage. This is especially prominent in the Neotropical Amazon (Balee and
Erickson 2006; Walker 2018). Thus, the diachronic necessity by archaeologists to investigate
social processes can be made very difficult when looking at the landscape as a whole.
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Depressions, as either groundwater wells, reservoirs, or even barrow pits, are perfect examples of
this issue. Wells and reservoirs need maintenance for long-term functionality. Both need to be
dredged regularly to prevent sediment infiltration and trash accumulation inside from its
surrounding. Barrow pits on the other hand, would have been, at the very least, occasionally
dredged for mining clayey soils for mound construction efforts.
Mound, or building, construction in the Maya lowlands are much better for dating and
determining occupational phases, with floors and mound fill built on top of previous floors and
mound fill. For these reasons, determining the date and use of the depressions must be done
through specific analogies (as in Chapter 4) and through correlating them with the mounds. Since
the depressions are very difficult to securely date, the environmental information they provide
are much more valuable.
Three of the four depressions excavated (61B, 63A, and 63C) show evidence of previous
use as groundwater wells. Soils are endosaturated, with water saturation evident in all soil
horizons. This suggests instability in the water table, shifting towards and below the surface
between the dry and rainy seasons. The upper soil horizons, slope-washed soils after
abandonment, were also water-saturated from rainfall. Soil features include mottling, reticulate
mottling, gleying, and redox with large iron-manganese concretions.
Aside from water features, the stratigraphic profiles along the edges show more soil
layers away from the center, clearly indicating that these features were intentionally dredged.
The excavations showed no evidence of purposeful infilling (earthen fill), with soil accumulation
and artifacts washing in from the ground surface and nearby mounds post-abandonment as well.
This suggests the depressions were open in the past, possibly retaining water in them year-round.
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Ancient wells in the Maya lowlands are known, but seldomly referenced or studied when
considering regional Maya water systems. Groundwater wells have been identified in many areas
of the Maya lowlands including the Northern Yucatan, Petexbatun region, and southeastern
Guatemala (Ashmore 1984; Beach 2000; Johnston 2004). Their sizes, form, and underlying
geology may differ, although a karstic, limestone paralithic or bedrock material is usually
present. More importantly, most of these examples show clear, intensive construction efforts,
such as ceramic, stone, or pebble-lined walls, with courses of stone most evident near the mouth
of the well opening (Wyatt 2014). All of these are small in size, located in rural groups and
household communities, with water controlled by the householders. Comparing the well
excavations at Tierra Blanca with the reservoir excavation in the Nueve Cerros epicenter, it is
clear that water at Tierra Blanca was also managed at the household level.
None of the wells previously excavated elsewhere in the Maya lowlands are similar
stratigraphically to those I excavated in Tierra Blanca. The closest analogy to this system is in
Oaxaca, Mexico. Flannery et al. (1967) documented archaeologically and ethnographically a
similar pattern at Mitla, Oaxaca. This zone has a high-water table, with water accessible between
1.5-3 meters below the surface. Wells were shallow and minimally constructed, and accessible
within an acre of land. These wells would have been used for pot irrigation, in which water is
drawn up from each well using a ceramic water jar. Zapotec farmers used this system, creating
highly productive gardens through their easily accessible water system (Lorenzo 1960). This
similar water system would have been easily implemented at Tierra Blanca as well.
In order to understand the hydrological system at Tierra Blanca, ethnographic,
excavation, settlement, and geospatial data are necessary. In the following chapters, I show how
the GIS flow models and artifact studies suggest a pot-irrigation water system.
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Chapter 6: GIS Chapter
In this chapter, I present geospatial data derived from on-the-ground GPS mapping,
Drone photogrammetry, geostatistical settlement patterns, and hydrological water flow models.
Along with the methods, I discuss how I approach landscape analyses at different scales. With
the increased availability of high-resolution topographic imagery, ancient Maya landscapes can
be better assessed at different spatial scales. This allows us to model landscapes at the site and
community level for Nueve Cerros. Based on the results that I will show in this chapter, I argue
that 1) the collective action of laborers enabled the construction of mounds while protecting the
local water supply and 2) the landscape of the local populace reflects an investment in forest
garden agricultural management over investments in raised fields and terracing agriculture.

6.1 High-resolution DEMs
With the advent of increasingly higher resolution digital elevation models (DEMs), many
archaeological projects are beginning to interpret ancient landscapes at higher accuracies through
these new imagery data. LiDAR in particular has been revolutionizing ancient Maya landscape
and settlement pattern archaeology (Canuto et al. 2018; Chase et al. 2012; Reese Taylor et al.
2016; Golden et al. 2016). Specifically, LiDAR has allowed for the aerial identification of
ancient architectural features below tree canopy. When available, this technology can be used by
archaeologists to map features without having to conduct on the ground surveys, saving time and
effort. This has previously been nearly impossible, with the highest resolution available ranging
from 15-30 m2 per cells/pixels. This meant that archaeological features smaller than a 15 x15 or
30 x 30-meter block were either not visible or would distort the surrounding elevation of the
physical “real” ground. These lower resolution DEMs were also ineffective for creating GIS
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models at the site scale (or smaller), including hydrological processes, viewsheds, and
hypothetical least-cost paths and causeway routes.
The LiDAR revolution in archaeology thus far has focused on site and architectural
feature identification. Essentially, mapping is still the primary goal of the acquisition of the
high-resolution imagery initiatives. Different methods of interpolating and modifying LiDAR
results have been used for detecting features. Assessing hillshades at different azimuth angles are
the most common way to identify archaeological features, although archaeologists are now
beginning to use other forms of visualization including red relief image maps (RRIM), slope
gradients and the sky-view factor (Canuto et al. 2018; Inomata et al. 2017).
Maya archaeologists are just now beginning to use high-resolution spatial data for more
complex analyses including interpreting ancient landscape modifications, patterns, and human
decision-making. Leveling hilltops, filling in basins, and creating terraces are particularly seen at
sites with Maya elites mobilizing locals. Large-scale modifications are seen as evidence of a
“pursuit to statecraft” (Prufer and Thompson 2016: 394) and has been researched for decades
(Chase and Chase 1992; Houck 2015; Webster 1998). LiDAR data contributes to this research
through documenting modifications such as terracing, reservoirs, leveling hilltops for
architectural construction, causeways, and canals. In these cases, archaeologists are not referring
to simply the location of archaeological features. Specifically, mound or architectural
construction is not in itself an indicator of landscape modification; landscape modifications alter
the underlying surface for human occupation.

6.2 Point Clouds
Point clouds are what 3-D models of photogrammetry and LiDAR are based on, and
depending on flight conditions, photogrammetry point clouds may be denser than LiDAR point
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clouds. Classified ground points from LiDAR point clouds on average range from 1-2 points per
m2. A point cloud is not distributed evenly throughout the landscape, with some areas having a
greater amount of return points than others. To be useful for analytical purposes, ground points
from point clouds are interpolated (usually through kriging) into an evened raster surface. A
raster surface requires all cells to have the same measurement, making this an even 2-D surface.
For these reasons most LiDAR-derived Maya landscape interpretations are through raster
imagery between 1-0.5 meters per cell/pixel.
At 1-0.5-meter resolution, can raster imagery be used for multi-scalar approaches for
archaeological interpretations? Few projects have explicitly recognized how raster resolution
affects the level of interpretation archaeologists can make about Maya landscapes. Prufer and
Thompson (2016) have explicitly noted that a 1-m pixel size is sufficient for large-scale human
modifications to the built environment. In conjunction with excavations, Prufer and Thompson
investigate how the Uxbenka site was modified from early agricultural hilltop villages in the Late
Preclassic to large-scale planned urbanization by the end of the Early Classic.

6.3 UAV’s and Photogrammetry
An alternative to LiDAR-derived imagery is the use of UAV photogrammetry.
Unmanned aerial vehicles (UAV), also known as drones, are becoming popular tools for largescale mapping. In particular, photogrammetry has the potential for creating low-cost, higher
resolution DEMs compared to LiDAR.
Photogrammetry has not yet been used widely in the Maya lowlands, with most
researchers either still preferring LiDAR, or the high tree canopy of the jungle preventing
photogrammetric utility. However, there is a lot of promise in its use in different Maya landscape
contexts. Saturday Creek, Belize is an ancient Maya site that is experiencing mechanical
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vegetative clearing for open field agriculture, with plowing shaving of mounds each year.
Harrison-Buck et al. (2016) used drone photogrammetry to salvage settlement information of the
site at a very high-resolution. The DEM created used 5-cm contours. Similarly, drone
photogrammetry was conducted at Conil in Quintana Roo, Mexico (Meyer et al. 2016).
Researchers were able to generate a ground resolution of 1 cm per pixel. Thus far, when it is
available and appropriate, low-altitude UAV-derived photogrammetry produces an even higher
resolution raster DEM than the various LiDAR surveys across the Maya lowlands.
Photogrammetry is not applicable for all sites; this method does have various limitations.
Drone batteries usually last under an hour, so multiple sets of batteries must be purchased to take
advantage of sunlight. Sunlight, over cloudy skies, and low wind speeds are preferable for
maximum resolution of the photos. Often, drone flights may take twice as long to be completed
with cloudy skies or high wind speeds. Additionally, because this technology uses photographs
and not lasers, it cannot penetrate high-canopy forested areas. Areas with low, or no vegetation
are also necessary to obtain the best images of the topography. Thus, in the Peten and Belizean
jungle, LiDAR is far more useful. However, this is fine for Nueve Cerros, since much of the
landscape is covered by milpa farming. Lastly, photogrammetry might not be ideal for
recognizing very large bodies of water, depending on the research questions and goals. DEM
generated images often show water locations, such as rivers and lakes as mostly null data,
however, these features do appear in full in orthomosaic (stitched) photos. Essentially, these
features will not be useful in GIS-derived models but can be used to understand the local
environmental processes.
There are many other advantages to using drone photogrammetry. Firstly, a lot of time is
saved. Under the ideal sunlight, wind conditions, and enough batteries, up to 140 hectares of
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imagery can be taken per day. Depending on the selected resolution, these images can also be
processed during the same day, to assess the quality of the maps. For this dissertation project,
once I obtained permission from the local community leaders, I no longer needed to worry about
walking into the parcels owned by different families. Since this dissertation part of a community
archaeology project (Rivas and Odum 2019; Woodfill 2013; Woodfill and Odum 2018), I was
very sensitive in asking permissions for all archaeological work conducted. Flying a drone as
opposed to on-the-ground mapping allowed us to minimally disturb the lives of the local
communities we are working with. Lastly, and perhaps the most obvious is the cost of
photogrammetry compared to LiDAR. While obtaining LiDAR images can easily cost over
$100,000, all of the equipment used for this project was valued at under $10,000.

6.4 Nueve Cerros Methodology
The focus of my UAV photogrammetric collected data is to (1) identify and map
previously unmapped archaeological features (2) verify archaeological features seen in the
DEMs with on-the-ground mapped features from GPS and total stations; (3) use geospatial
statistics to understand settlement density and patterns at a regional scale; (4) create
hydrologically accurate models of water flow at a local, neighborhood scale.

6.4.1 Collecting Spatial Data Using UAV Photogrammetry
For the 2018 field season, the Nueve Cerros project purchased a DJI Inspire 2 drone
equipped with a Zenmuse X5S camera. The DJI Inspire 2 is a professional-grade drone, with a
360o rotating gimbal, obstacle avoidance sensor, and GPS. I, along with project director Brent
Woodfill, took a 2-day course from Aero Panoramicas, a Guatemalan company that focuses on
development projects in Central America, with a focus on GIS mapping and drone
photogrammetry. Additionally, we used the programs DJI Go 4 and Map Pilot by Maps Made
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Easy for flying the drone using iOS systems (iPhone or iPad). For photogrammetry processing, I
used Agisoft Photoscan Professional, for processing the photographs after the drone flights.
All of the photos are uploaded into Agisoft Photoscan (now called Agisoft Metashape).
Photoscan allows for all of the processing of the photos to occur in the same program, using the
workflow tool. Initially, all of the photos are aligned, based on its GPS location and overlap.
Essentially, Photoscan finds the position of the camera and orientation for each photo and builds
a sparse point cloud. Each photo is also georeferenced with GPS points based on the location of
the drone. Once this is complete, the program calculated depth information for each photograph
(camera position) and combines them all to create a dense point cloud. At this level, the images
can be adjusted including fixing point errors and deleting areas that may not actually represent
archaeological topography. Using this point cloud, a DEM (Digital Elevation Model) can be
created, which is the most popular digital map imagery used by archaeologists. These DEMs are
sufficient for GIS spatial analyses including viewsheds, flow accumulation, and spatial statistics.
The DEMs are also appropriate for exportation to other programs, including ArcGIS, Photoshop,
QGIS, and GRASS. This is important for beginning the spatial analyses aspect of the site. Lastly,
an orthomosaic image can also be created using Agisoft Photoscan. Orthomosaic maps/images
are geometrically correct photographic maps that can be used to measure true distances.
Orthomosaics can be viewed as a ‘stitched’ together photograph of multiple photographs, while
providing a very high resolution.

6.4.2 Site-Level Settlement Patterns
The new photogrammetry images are effective for landscape interpretations. In particular,
the scale of construction of the epicenter and the settlement pattern of Tierra Blanca can be better
understood. In total, 1,092 hectares were recovered from drone imagery at Nueve Cerros (Figure
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6.1). For this chapter, I focus on the epicenter and the Tierra Blanca area. Data from Tierra
Blanca and the area of salt production within the Coban municipal estate fit well with the map
made by Wolf and Velásquez between 2010 and 2013.
The Tierra Blanca DEM in particular provided a lot of topographical data. The northern
port of the site looks peninsular and possibly modified with docks. Geographically and
topographically, the port of Nueve Cerros looks very similar to the Cancuen site peninsula
(Demarest et al. 2014). These two ports functioned very differently, with Cancuen being a royal
port and center of many exchange routes, and the port of Nueve Cerros more associated with the
export of salt and as a possible pilgrimage center (Personal Communication Megan Leight). This
area of Nueve Cerros is also the easiest area for canoe travel, with a large floodplain surrounding
the architecture. Excavations of the port by Megan Leight has provided evidence of occupation
since the Middle Preclassic, with heavy construction during the Late Preclassic. The port is also
close to the ceremonial center with an E-Group and a ball court, was one of the first major
episodes of construction at Nueve Cerros.
The Tierra Blanca residential group to the southwest, and the focus of this dissertation, is
also visible in the high-resolution DEMs. The new DEM shows a much larger ancient
occupational center than the original map in 2017 (Rivas 2017). There are 16 depressions with at
least 21 mounds. The clusters are surrounded by two streams, with a good-sized floodplain. This
area is clearly a residential sector, with depressions operating for different purposes, primarily as
groundwater wells and barrow pits. The location of depressions near streams also suggests that
the streams were not drinkable, and as in many lowland sites, drinking water was collected in the
wells. However, during the rainy season, the streams are large enough for canoeing, and fishing.
Salt production was clearly an important aspect to the economy of Nueve Cerros, and salting fish
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was probably very important to the inhabitants of the site, not only because of the Chixoy river
but because of the number of streams as well. These drone images help understand the scale of
aquatic resources available for the entire site.
The new images of Salinas de los Nueve Cerros will enhance our understanding of the
site's ancient landscape. The hydrological system, construction scale, settlement pattern, natural
features, and the variety of archaeological features are now better understood with the highresolution images of the site.
The economic role of Salinas de los Nueve Cerros was clearly based on salt production.
The economy of the site possibly gave way to an epicenter, ceremonial center, port, all
surrounded by mounds, structures and features of homes. With these new data from the drone,
the relationship of salt production with the epicenter, the port, and the rest of the site will be
spatially interpreted.

113

Figure 6.1. Maps of Salinas de los Nueve Cerros. Left- Mapped structures with rivers, and topography. Right- Map with overlaid drone imagery.
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6.4.3 Spatial Measurements and Statistics
For a basic understanding of settlement patterns at Nueve Cerros, I statistically measured
the areas of archaeological features at the site for two questions on settlement patterning: Where
is the mean center of the city located? Is there a general clustering pattern throughout the site?
All of the analyses for this project focused on spatial measurements and statistics on architectural
platforms or mounds. Whenever weights were possible, elevation and area of platforms were
chosen. In GIS, weight refers to a numerical number that will give a stronger influence in a
statistical calculation. Elevation was chosen as a weight because of the complex natural
geography surrounding the site. Since Nueve Cerros is bounded by a large arterial river, with
many low-lying depressions in the region, it would make sense for inhabitants to settle on higher
ground whenever possible. Area (m2) of each platform was also chosen as a weight because
larger structures tend to signify regionally important locations, such as administrative buildings,
ritual structures, elite complexes, and palaces, as opposed to domestic households. These
important locations are also usually located in the center of Maya sites, similar to a downtown or
central plaza-like arrangement. Thus, weighing polygon area can also provide a more accurate
representation of ancient Maya settlement decision making.
For data preparation, an ASTER DEM was downloaded to obtain elevation values across
Nueve Cerros. The ASTER DEM (USGS 2009) gives an elevation value of 30 meters per cell,
which is a low-resolution raster. Once again, scale must be considered when applying raster
imagery. The high-resolution DEMs from UAV flights were not used for the spatial statistics,
since not all mounds previously mapped on the ground were mapped with the drone. However,
because Nueve Cerros is bounded by the Nueve Cerros ridge and the salt dome, with some
architecture built along these features in the epicenter, a general pattern may exist when
observing them at the site-level.
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This raster was converted to a polygon feature class, and a spatial join analysis was
conducted with the platform feature class. The join operation was one-to-one, and the match
option selected was to have the center of the platform correspond with the elevation values in the
converted polygon feature class. This way, each platform had its own elevation value, based on
the center of the platform. Once this data was prepared, I was able to conduct the spatial
measurements and statistics of the architecture of Nueve Cerros.
The first analysis conducted on the Nueve Cerros data was calculating the mean center.
The mean center is a measurement of geographic distribution that is geared towards tracking
changes or comparing distributions, by taking the average x-coordinate and average y-coordinate
for all selected features in the study area (Mitchell 2005). The mean center can also be weighted,
based on an interval or ratio value associated with a feature. Higher values signify a greater
weight for that feature and draws the mean center closer to these features with a higher weight
value. The weighted mean center is useful for analyzing the distribution of values associated
with areas. I conducted 3 mean center analyses based on the polygon architectural feature class:
an unweighted mean center, a weighted mean center based on elevation, and a weighted mean
center based on area of each structure. Using these mean centers, weighted and unweighted
standard distances were also conducted to quantify the amount of dispersion of the architectural
platforms. Standard distance deviations, or standard distance, calculates the compactness of a
distribution by measuring the average distance the features vary from the mean center. The
results of these values are a specific geographic distance as a radius, with a graphical output of a
circle around the mean center. In this case, standard distance calculations will provide
information on how compact the platforms are around their mean center. The standard distances
were also conducted with elevation and area weights, to see if other factors influence the
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compactness of platform spatial distribution. All standard distances were conducted at 1 standard
deviation.
Standard deviational ellipses were also conducted, to determine whether there is a
directional trend to the data, measuring both compactness and orientation. The standard
deviational ellipse measures the standard deviation of the features from the mean center
separately for the x-coordinates and the y-coordinates (Mitchell 2005). For this archaeological
project, conducting standard deviational ellipses can reveal whether there is an elongated
orientation to the architecture, and if they follow specific geographic features or barriers. Similar
to the mean center analyses, the ellipses were also weighted by elevation and area.
A few analyses measuring spatial patterns were also conducted, specifically average
nearest neighbor, spatial autocorrelation, and a local Moran’s I. The average nearest neighbor is
a cluster analysis by location, that looks at each feature, in this case archaeological platform, and
then calculates an index, creates randomly distributed data and another index, and then measures
the degree of clustering by how much the real index differs from the index of the hypothetical
data. Average nearest neighbor was used in this case to see if the locations of platforms are
closer together than would be expected with a random distribution. Spatial autocorrelation, also
called global Moran’s I, looks for clustering by location and value. This analysis can shed light
on whether the location of the data has an attribute associated with it that may be influencing the
clustering, and in this case elevation and area were used again. For a graphical output of this,
local Moran’s I analyses were conducted. This tool can identify exactly where the clustering in
the map is located. Again, this was done with elevation and area values (Mitchell 2005). I will
emphasize that the entire settlement of Nueve Cerros has not been mapped. However, based on
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the quantity of drone images and the numerous ground surveys conducted at the site, we are
fairly certain most of the archaeological features have been mapped at this point.

6.5 Geostatistical Analyses of Settlement Patterns
All three mean center results were not located in the Epicenter location (Figure 6.2). The
unweighted and elevation-weighted mean centers do not vary much, with both of them being
located along a major waterway that traverses the site. No archaeological structures, platforms or
otherwise, are located in this area. The mean center weighted for area, however, is clearly within
the Tierra Blanca Zone in the north. Some of the largest platforms, which were mapped this past
year, are located in the Tierra Blanca Zone, which is why the mean center gravitated towards
these features. The standard distance results also reflected a similar pattern (Figure 6.3). The
unweighted standard distance encompassed all mapped platforms, while the elevation-weighted
standard distance circle encompasses most of the Tierra Blanca zone, and some of the Epicenter.
The area-weighted standard distance output exclusively encompassed the Tierra Blanca zone,
again emphasizing the size of platform structures.
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Figure 6.2. Mean Center Analyses of all mapped structures at Nueve Cerros. Note that the weighted mean
center with elevation overlaps with the unweighted mean center.
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Figure 6.3. Standard Distance Analyses of Nueve Cerros. Note that the unweighted Standard Distance and
the Weighted Standard Distance for elevation nearly overlap.
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The standard deviational ellipses showed similar lengths to the standard distance circles,
with the exception of clear north-south orientations (Figure 6.4). Similar to the standard distance,
the ellipse weighted for elevation encompasses much of the Tierra Blanca Zone and the
Epicenter, while the ellipse weighted for area is focused to the north in the Tierra Blanca Zone.
The statistical results were also varied in terms of their significance (Table 6.1). The
average nearest neighbor results showed a clustered pattern, in which the physical locations of
the platforms are closer together than a random distribution would expect. The Global Moran’s I
weighted for elevation showed a clustered pattern, in which the clustering of the platforms is
based on both its location and elevation. However, the Global Moran’s I based on area was not
statistically significant, with a random pattern clustering.
Based on these Global Moran’s I outputs, an Anselin local Moran’s I was conducted only
for platforms weighted for elevation and surface area, to visually see the patterns (Figure 6.5).
Low-low clustering is seen in both the Tierra Blanca zone and in the epicenter, meaning low
clustering in low elevations. However, the salt production zone is dense, with high-high
elevation clustering. With higher elevations around the salt dome, this high-high pattern may be
a result of extracting salt from and around the dome. Clustering is more significant based on the
elevation of the location of archaeological features than the surface area of features and its
location.
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Figure 6.4. Standard Deviational Ellipse Analyses of Nueve Cerros. Note that the unweighted ellipse and the
weighted ellipse for elevation nearly overlap.
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Spatial Analyses

P-Value

Z-Score

Pattern

Ratio/Index

Average Nearest Neighbor

P < 0.01

-21.8

Clustered

0.095097

Global Moran’s I- Elevation

P < 0.01

8.6

Clustered

0.551544

Global Moran’s I- Area

P = .011937

2.5

Clustered

0.135240

Table 6.1. Results of spatial pattern analyses at Salinas de los Nueve Cerros.

Figure 6.5. Results of Local Moran’s I based on elevation (left) and surface area (right).

The geographic measurements in this analysis showed that the unweighted mean center,
and weighted mean center based on elevation did not reflect the actual location of the known
epicenter. The locations of these mean centers are near a major waterway (stream), that
geographically separates the northern Tierra Blanca area of the site to the southern epicenter and
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salt production zone. Because these mean centers are located here, it probably represents an area
of transportation, travel, and gathering, since there is no architecture in the immediate vicinity.
The weighted mean center based on area is located to the north in the Tierra Blanca region. This
would make sense, because some of the largest structures are in fact located in the north.
However, years of archaeological research has revealed that the true center of the city is located
to the south, directly east of the foothills, which we label as the epicenter. The standard distances
were not helpful in these analyses, but the standard deviational ellipses revealed clear northsouth orientations. However, the standard distance weighted for area was much smaller,
suggesting that the emphasis on monumental construction, or larger area of buildings, were
focused in the Tierra Blanca Zone.
As mentioned earlier in this paper, the Tierra Blanca Zone contains most of the earliest
structures at the site. The centralized focus then, suggests that early inhabitants at the site were
much more focused on creating a large city with many structures, near the Chixoy River. Once
the city was becoming established, more structures were being built towards the epicenter, to
take advantage of economic products from the Salt Production Zone.
The mixed results of the spatial patterns suggest that architectural buildings were not
constructed near each other based on their size, but rather, some buildings were definitely
constructed near each other due to elevation. The nearest neighbor results showed that there is
definite location clustering, and this can be visually seen with the two main clusters of the
Epicenter and Tierra Blanca Zone. Although this looks obvious, it is still important to conduct a
nearest neighbor index to support the clustering claim (Mitchell 2005). Using the specific
attribute of elevation, there was clear clustering of platforms in the Epicenter. Because of the
complex watershed that exists at the site, inhabitants of the site were much more concerned with
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flooding when constructing buildings near each other, as opposed to whether they were large and
monumental. The Epicenter is at the foothills and within the Nueve Cerros hills range, so it
would make sense for inhabitants of the area to settle in areas at similar heights or elevation.
These platforms are also probably very important and managing flooding would have been much
more important compared to platforms located in lower elevations.
For future studies, an improvement in DEM resolution could be used for the elevation
values. A 30m DEM is not ideal, and higher resolution could give an exact value for each center
of each platform. An improved initial map could also help to show whether the clustering
patterns change or are invalid. Not all of the platforms have been mapped, and continued
mapping efforts, and acquisition of high-resolution imagery could change some of the results of
this analysis. Regardless, the results obtained for this project could help other archaeologists
statistically determine how their spatial data is laid out, for future comparative work between
Maya cities to be conducted.

6.6 Measuring Volume of Architectural features in Tierra
Blanca
Reservoirs and aguadas are often argued to have originally been used as barrow pits or
quarried areas for monumental construction, with a secondary (albeit equally important) function
of holding water. To determine if this was the case at Nueve Cerros, I conducted volumetric
measurements of mounds and depressions in the Tierra Blanca residential group. This group
contains the highest number of depressions, and they are located within the group as well, as
opposed to surrounding the architecture on the outskirts (Figure 6.6). I conducted volumetric
measurements of both mounds and depressions using the measuring tools in Agisoft Metashape.
I also conducted a Mann-Whitney U Test to compare the volumes of both groups (depression
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and mounds) and to determine whether there is a significant difference between the volume
measurements. Statistically significant results would suggest that mound and depression volume
are not related and soil creating the depressions were not used for mound construction.
Table 6.2 shows the individual volumes (cubic meters) of the archaeological features in
the Tierra Blanca residential area. The total volume of the mounds is 4690.5 cubic meters, and
4246.5 cubic meters for the depression. Mound volume is only 9.5% greater than depression
volume. The measurements are well within reason to suggest that the soil originating in the
depression were used to construct the surrounding mounds.
The Mann-Whitney U test concluded that the volume between the datasets are not
significantly different at p<.05 (Table 6.2). The volumes of the depressions and mounds
individually are very similar to each other, also suggesting a near 1-1 relationship between the
two features.
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Figure 6.6. The Tierra Blanca Residential Zone, with mounds and features numbered for volumetric
measurements in Table 6.2.
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Table 6.2. Volumetric measurements for each feature in the Tierra Blanca Residential Zone. Archaeological
features with an asterisk (*) depressions, and the volume represents volume from the bottom to the surface.
The Mann-Whitney U Test results are shown at the bottom.
Archaeological Feature Metric Volume#
Cubic Meters
1

585.747

2

64.953

3

48.673

4

477.829

5

344.429

6

272.431

7

90.9

8

572.133

9

40.422

10

136.421

11

612.8

12

109.704

13

147.054

14

66.616

15

24.5

16

11.89

17*

24.759

18*

70.352

19*

21.494

20*

87.166

21*

182.041

22*

42.512

23*

37.046

24*

29.402

25*

852.751

26*

51.001

27*

29.133

28*

2916

29*

35.977

30*

157.408

31*

43.328

32*

91.332

33

14.701

34

38.105

Mann-Whitney U Test: U-value = 118, The
p-value is .37886. The result is not
significant at p<.05, and p is asymptotic
significance (2-tailed).
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6.7 Geospatial Modeling of Hydrology in the Tierra Blanca
Residential Group
Aside from creating models and imagery for identifying archaeological features, the most
common GIS analysis from high resolution DEMs are related to ancient hydrological systems.
Identifying reservoirs, depression, cenotes, and aguadas is becoming easier, and researchers are
now beginning to see the intensive scale of water management throughout the lowlands (Brewer
et al. 2017; Chase 2016; Marken and Murtha 2016). Water management research in the Maya
lowlands is now focused on using a combination of LiDAR, excavations, and
paleoenvironmental data to for understanding ancient hydrological systems, quantifying
depressions, canals, and terraces and determining their functions (Acuña and Chiriboga 2019;
Brewer 2018). Recent research in Belize have used 1-meter DEMs for modeling hydrological
flow in large-scale agricultural terraces (Chase and Weishampel 2016; Macrae and Iannone
2016). GIS flow models are not new to archaeological research nor to the Maya lowlands, but are
increasingly becoming important to interpretations of ancient Maya landscapes, agricultural
systems, and urban developments (Brewer et al. 2017; Isendahl 2011; Marken et al. 2019;
Pyburn 2003; Weaver et al. 2015). Archaeologists are now equipped with many tools for
geospatial hydrological modeling; however, it is necessary to assess what types of data will
produce the most accurate and precise results. For this dissertation project, flow accumulation
models were created for understanding hydrological flow in the Tierra Blanca Residential Group.
Below I describe the basics of flow accumulation modeling research and its relevance for
understanding Maya water management systems.
Flow accumulation is a calculation of accumulated downslope flow of every cell in a
raster image. Thinking of this in the physical environment, this calculation models how rainwater
flows across the landscape, and determines the major areas where water is draining towards
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(hence, flow accumulation). In a raster image, this means that each cell is given a numerical
value represents the number of cells that flow into it. Again, looking at this as a real landscape,
cells with higher values have more water flowing into it than its surrounding cells. Once this is
calculated, the output can represent a stream network, with bigger streams showing high flow
accumulation and smaller streams showing lower flow accumulation. Once this data is outputted,
it can be used in conjunction with visible rivers and streams and determine the drainage pattern
of a specified region.
Creating hydrologically accurate flow models can be useful for creating other
topographic models as well. In particular, the Topographic Convergence Index (TCI), which is a
commonly used index by soil scientists as an estimate of soil saturation based on water flow
(Beven and Kirkby 1979). The Downslope Index is similar to the TCI, however the flow
accumulation is used to determine how far in the steepest downslope direction flow from a cell
can travel. Hjerdt et al. (2004) argues that this index is more accurate for drainage conditions, as
it takes downslope values into account and the formula better replicates groundwater influences.
Regardless of the index used, what must also be considered is the slope values of the topography
of the site. These indices appear to work better for areas with sharp contrasts in slope and
preferably without rivers and streams. As an example, the TCI has successfully been applied for
modeling agricultural terraces at Caracol, Belize, an ancient Maya site located in the Maya
mountains away from permanent streams and rivers (Chase and Weishampel 2016).
For accurate models or representations of the landscape the DEM produced, whether
from LiDAR, photogrammetry, or ground mapping, must have a high enough resolution. This is
a qualitative assessment, and theoretically a consideration of the scale of analysis. Most “highresolution” analyses in archaeology have used 1-meter cell sizes, and this is probably sufficient
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for regional and site-level landscape analyses. But what about at a smaller scale? Can a 1-meter
cell size be enough for looking at spatial relationships between mounds and features? This is
especially relevant for testing the relationship between individual features and complex
topographic in a discrete environment.

6.7.1 Flow Accumulation Models
I created flow accumulation models to understand the relationship between rainfall,
flooding, and architecture. In particular, I am interested in how the mounds and depressions of
the Tierra Blanca residential area are affected by rainfall. I conducted the flow accumulation
models using high-resolution DEMs at 26 cm and 6 cm sided pixels. First, I will explain the
problems with the lower resolution of the 26 cm DEM was not sufficient for modeling water
flow at Tierra Blanca. Then I will explain the flow accumulation results of a DEM with mounds,
and a modeled DEM without mounds. I created a “moundless” DEM to test the effect of water
flow assuming there was not built architecture in the residential group. In Appendix A, I go over
the specific workflow on how I created the high resolution DEMs and the steps of flow
accumulation.

6.7.2 Hydrological Modeling Results
DEM with all architectural features
A high-resolution hydrologically accurate and precise flow model of the Tierra Blanca
residential group showed the locations of where the major areas of water flow are occurring.
Unsurprisingly, water is running around mounds as opposed to through them. However, here it is
important to compare the 26cm DEM with the 6cm DEM. First, the 6cm DEM shows more
subtle differences in elevation of mounds and platforms, that even the 26cm DEM cannot show
(Figure 6.7). Although at 26cm water flow also goes around the mounds accurately, this DEM

131

does not show nearly as much water flow as the 6cm DEM does (Figure 6.8). Both images
display flow lines within a standard deviation of accumulation. The 6cm DEM shows more flow
accumulation due to the smaller pixel size, allowing for more accurate topographic changes and
a realistic “water map” to appear. With fewer flowlines, the 26cm DEM exhibits more visible
“straight lines” that are unrealistic water flows. This is due to having a perfectly flat, even,
surface for water to flow on. This is usually topographically wrong, unless there is a constructed,
even width feature (canal, ditches, constructed dams or levees). The “Fill Sinks” tool can solve
this issue but is often impossible to completely eliminate. Otherwise, this means that resolution is
not high enough to make water flow through the terrain properly. Looking at community level,
flow accumulation with a 26cm DEM is too large of a scale.

Figure 6.7. Close up of 26cm DEM (left) and 6cm DEM (right).

Perhaps the most important result of this flow accumulation model is the relationship
between the flowlines and depressions. Nearly all depressions have flow lines leading towards
them or going through them (Figure 6.9). The depressions are located in areas where, at
maximum rainfall discharge, water would flow into them. The earlier volumetric results
presented suggests that these depressions were used for building mounds nearby. Excavation and
ethnographic observations have also proven that many of these depressions are not reservoirs,
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but groundwater wells (see Chapter Four and Chapter 5). The depressions with no flow lines
associated with them may represent original barrow pits that were never used as groundwater
wells. In fact, the excavation of depression SNC 64C shows that there was never any evidence of
water saturation and is one of the depressions with no flowlines associated with it. I hypothesize
that the other depressions with no flow accumulation were also barrow pits with no evidence of a
multipurpose use as a groundwater well.
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Figure 6.8. Comparison of flowlines derived from the 6cm DEM and 26cm DEM.
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DEM without Mounds: A modeled “Natural” Landscape
Flow accumulation at Maya sites with major reservoir systems differs greatly from what
the Tierra Blanca results show. Mounds, or monumental architecture, is often used to divert
rainfall into reservoirs and tanks (Marken et al. 2019; Weaver et al. 2015). This is not the case in
Tierra Blanca. Instead, the ancient populace placed their depressions in areas where water
‘naturally’ accumulated. Mounds did not play a role in diverting rainfall. In order to test this
more concretely, I modelled the Tierra Blanca landscape without mounds; fundamentally I am
testing whether these water flows occur in a hypothetical ‘natural’ setting as well. I conducted
the same flow accumulation procedures as before, with the only added step of removing the
mounds.
The results of this model showed nearly identical water flows to the original flow
accumulation model (Figure 6.10). The mounds had no influence on the direction water flows
throughout the landscape. Water is still accumulating in the same areas, including the areas
where the depressions are located.
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Figure 6.9. The Tierra Blanca Residential Zone with flowlines and archaeological features highlighted.
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Figure 6.10. Comparison of flowlines with and without mounds overlapping each other.
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Topographic indices
The Tierra Blanca group is in a very naturally flat landscape, with generally heavy
flooding during the rainy season, as in most of the southern Maya lowlands. To identify major
areas of water saturation and flooding, I conducted two topographic indices: The Topographic
Convergence Index and the Downslope index. The 6cm DEM was used for both analyses. This
has been conducted elsewhere in the Maya lowlands (Chase and Weishampel 2016), however the
topography has much greater slope in these contexts.

Figure 6.11. The topographic convergence index (left) and downslope index (left) of the Tierra Blanca
Residential Zone.

The results of these indices were not very useful in this landscape (Figure 6.11). Most of
the region appears as flooded with high water saturation. These indices are not as useful in flat,
low-elevation landscapes. For this reason, the flow accumulation models are the best ways to
model hydrology at Nueve Cerros. However, this does suggest slow rates of soil erosion, which
would not have necessitated a terrace or raised field system.
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6.8 Discussion
The results of the GIS analyses revealed a lot of information on the Nueve Cerros
landscape. The geostatistical patterns at the site-scale show that the statistical center of the site is
in the Tierra Blanca area, not in the epicenter. Although the epicenter was the central location
politically and economically, most of the populace and construction was located closer to the
Chixoy river and the Preclassic ceremonial center. The concentration of architecture in Tierra
Blanca over the epicenter also suggests a decentralized focus of political power, with the local
population cooperating with the Nueve Center elites for economic support, in this case for the
salt industry. Environmentally, mound clustering patterns, based on elevation, only occurred in
the epicenter. Although not the focus of this dissertation, the clustering on higher elevation may
be a result of a different hydrological system with the mixture of brine and freshwater streams,
and rainfall coming down from the Nueve Cerros hills adjacent to the epicenter.
Methodologically, the hydrological models I created would not have been possible with a
1, 0.5, or 0.25-meter DEM. The 6 cm DEM was necessary for modeling the interaction between
rainwater, mounds, wells, and streams. With more Maya archaeological projects having easier
access to higher resolution spatial data than ever before, a serious consideration of scale in
geospatial analyses is necessary for making sure models are conducted properly with physical
features on the ground. In fact, using lower resolution data can bias modeling results to suggest
only large monumental features have significant influence on topographic processes.

6.8.1 Taking care of the water system
Mound placement did not affect water flow, and more specifically it was not used to
divert rainwater purposes. This further supports my argument that these depressions did not rely
exclusively on rainwater and were used as groundwater wells. They were placed strategically in
areas were water would most likely pool, based on subtle topographic changes visible in the
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high-resolution DEMs. Excavations, as shown in Chapter 5 will show how some of these
depressions originally had a high-water table and easy access to the aquifer. This is particularly
important in times of drought, as rainfed reservoirs would normally dry up, accessing the aquifer
from water coming from the Guatemalan highlands would have been a better long-term solution.
Additionally, the volume available after dredging soil in the depressions would have been
enough to construction the mounds within the Tierra Blanca residential group. This does not
appear to be the case for the rest of Nueve Cerros. Mounds in the epicenter, salt production zone,
and the ceremonial center may have been constructed by dredging stream beds or quarrying the
salt dome and Nueve Cerros ridge. None of these data show evidence of investment in
monumental construction to showcase elite power. Instead these are evidence of collective action
practices of Nueve Cerros laborers in water management strategies, and community-level
landesque capital practices.
Collective action theory in this case, suggests that the more elites depended on locals for
labor (salt production and its derivate industries), the greater the autonomy the populace had in
governing their community, and on their acquisition of goods (see Chapter Seven and Chapter
Eight for the artifact assemblages of the Tierra Blanca residential group). The data show no
evidence of centralized control, nor a focus on an increase in the construction of monumental
architecture. Organization was achieved at the community level, evidenced by their protection of
sacred water resources. Sacredness of water can also be seen through the deposition of figurines
in the bottom of the groundwater wells, also described in Chapter Seven.
Environmentally, the laborers created a landesque capital landscape during the Maya
Classic period. Landesque capital investments requires engineering an environment
incrementally over a long period of time-beyond a single cropping cycle (Brookfield 2001) to
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increase agricultural yields, enhance soils, and even reduce labor demands (Fisher 2005). This
was clearly done through enhancing water-holding features through accessing groundwater. The
negligible influence of mounds on diverting or affecting water flow is also an expression of the
sacredness of the landscape (Walker and Erickson 2009: 233). The best evidence of the enduring
fixed capital of these features is their re-use by Q’eqchi Maya farmers today, for potable,
agricultural, and washing (clothes, dishes) water (Chapter Four).

6.8.2 Forest Gardens and Pot Irrigation
Were the groundwater wells used for agricultural water among the Classic Maya? Or for
potable water? In Maya water management studies, this is usually not explicitly differentiated
within a site (see Chase and Cesaretti 2018 for a discussion). In the case of the Tierra Blanca
group, both options are viable. Groundwater is the best source for potable water, especially
compared to the saline watershed in the epicenter to the south, and the probable sulfur-laden
mucky water from the Chixoy River and its tributaries. The Chixoy River would have also been
a much farther walk to obtain water, at about 1.5 kilometers away. Agriculturally, no major
raised fields or terraces have been found4 (e.g. see Turner and Harrison 1981; Beach et al. 2019).
However, the most likely explanation for now is Maya forest garden management and pot
irrigation.
Avendaño (2012) demonstrated evidence of ancient forest gardening practices on the
outskirts of Nueve Cerros. Pollen analysis of the paleocore from the shore of Laguna Lachua,
revealed pollen from arboreal taxa, shrubs and small trees, and economic species including
Capsicum and Solanum, all from the Preclassic to the Classic. Beginning in the Postclassic, oldgrowth forest species (Combretum) suggests abandonment of forest management practices, and

4

Raised field agriculture may have still been practiced at Nueve Cerros. The site has not been mapped 100%, and
some areas that are unmapped may show topographic legacies of ancient agricultural practices.
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thus abandonment of Classic Maya populations. These data suggest forest garden practices,
including silviculture and agroforestry in the periphery of Nueve Cerros. I argue that this was the
case in the urban areas of Nueve Cerros (epicenter and Tierra Blanca). Macrobotanical analyses
of the Tierra Blanca residential group is ongoing, but some of the results are presented in
Appendix D. Important taxa so far include Sapotaceae, Spilanthes, and Zea sp. Sapotaceae and
Spilanthes are common taxa of Maya forest gardens. Zea (maize) is clear evidence of agricultural
practices but could also be part of agroforestry and a forest garden ‘milpa’ system (Ford and
Nigh 2015). These botanical data, along with no evidence terracing or raised fields suggests
forest gardening practices were the dominant form of agricultural strategies in this low relief
topographical setting.
Pot irrigation may have also been a complementary practice to forest management
strategies. Here pot irrigation is defined as “watering individual plants from gallon jars close to
the many wells there” (Scarborough 2003: 43). Pot irrigation has been suggested at many sites in
the Maya lowlands (Beach 1998; Beach and Dunning 1997; Isendahl et al. 2016; Scarborough
1983). This technique is best outlined by Flannery et al. (1967) in their analyses of early Zapotec
farming communities in Oaxaca, and seen ethnographically in Zaachila, Oaxaca. Pot irrigation in
Oaxaca required digging shallow wells between 1.5-3.0 meters from the surface with water being
drawn up with a large pot, and then poured over the nearby fields to create productive gardens.
Since this system accesses the high-water table below alluvial soils, this process can be done
during the dry and wet season. This was done at the household level, requiring “no large labor or
centralized control” (ibid., 450). The water system described for early Zapotec communities are
nearly identical to the Tierra Blanca mapping, GIS, and excavation data in this dissertation.
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Chapter 7: Ceramic Studies of the Tierra
Blanca Residential Zone
The primary focus in the Guatemalan laboratory was ceramic and obsidian analyses.
Ceramics are the most common material found at most ancient Maya sites, and one of the most
important data for creating site chronologies, identifying intra and inter-regional interactions, and
for determining domestic, administrative, or ritual functions of archaeological features.
Macroanalyses of obsidian have also been used for interpreting ancient Maya economic
production and crafting, while microanalyses (particularly XRF) have been useful for
documenting interregional interactions and exchange networks.
In this chapter I will begin with an explanation of how Maya ceramic studies have
influenced archaeologists’ understanding of chronology, households, economics, and trade and
exchange, as well as the classification systems commonly used by Maya archaeologists. After
this description I will discuss the methodologies and results of my ceramic assemblage. For this
study, the ceramics pertain to the 2018 excavations and the 2015 and 2013 excavations of
Operation 61. Following the section on ceramics, I will describe Maya obsidian studies and the
methodologies and results of my obsidian artifacts.

7.1 Ancient Maya Ceramic Studies
With ceramics usually being the most prevalent artifact found at Maya sites,
archaeologists have devoted a great deal of focus to its analysis, classification, and interpretation.
At its most basic, ceramics have been used for archaeological seriation, a relative dating method
in which artifacts are placed in chronological order referenced from its original excavation
context. Seriation requires a classification system, with the Type: Variety [Mode] classification
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system as by far the most common way Maya archaeologists classify ceramics, albeit also
considered very problematic.

7.1.1 Ceramic Classification Systems: Type: Variety, Wares, and the French
School
The Type: Variety system is by far the most common method of Maya ceramic
classification. In this system, the ceramic variety is the smallest meaningful unit that could be
divided, or the most basic unit of analysis. The type is composed of a single variety or a group of
varieties that have the same surface treatment or are in the same chronological order but may
slight differ in other ways. Thus, type and higher-level inclusive groups should be distinguished
afterwards. This system of analysis is a very hierarchical structure, which allows ceramic sherds
or whole vessels to be grouped together to be compared synchronically and diachronically rather
quickly and consistently. Although critical of this system Bey (2018) uses a relevant example of
how this is conducted with Sierra Red ceramics (which are common Preclassic ceramics at
Nueve Cerros). Since pottery vessels or sherds are identified first by type, the deep red surface
finish and distinguishing paste allow for an initial grouping of Sierra Red ceramics. A variety of
Sierra Red ceramics with thin vessel walls are simply called Sierra Red: Thin Walled Variety. At
a higher more generalized level, the Sierra Red ceramics are part of the Sierra Ceramic Group,
and the Paso Caballo Waxy Ware. The clustering of attribute data allows the archaeologist to
quickly and efficiently organize their data, especially in large quantities. Additionally, the Type:
Variety system allows for intersite comparisons and for creating initial ceramic typologies from
previously unstudied sites.
Since its inception, Maya archaeologist have also critiqued this system. Perhaps the most
consistent argument against Type: Variety is the downplaying of variability in archaeological
assemblages. This includes variability in the appearance and rate of change of selected artifacts
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(Hammond 1972a; Culbert and Rands 2007). The type: variety system can be devoid of
contextual associations of the artifacts, with archaeologists questioning whether this
classification can provide meaningful cultural units of analyses (Pendergast 1979; Chase and
Chase 2013). Chase and Chase have also stated that “type: variety-mode analysis, like all
analyses, is only as good as the archaeological data from which it was ultimately derived” (2013:
48). Essentially, contextual associations can also give much more important information about
the Maya than sherds coming from fill contexts. Identification of a sherd through type: variety
cannot provide enough information for cultural interpretations if it is not through primary
contexts.
Aside from variation and cultural meaning, many other criticisms exist with the type:
variety system. The Type: Variety system prioritizes surface treatments and decorations over
morphological (pottery forms) and paste characteristics (Foias 2004). Paste and morphology can
illuminate a lot of information on function, chronology, and helps contextualize the features they
were excavated in. This however can be alleviated through modal classification, which consists
of observing attributes that appear in a cross-section of a sample. An example of this would be a
vessel or sherd with a basal flange. These are usually found in contexts dating to the Early
Classic (Pendergast 1971; Chase and Chase 2005), making basal flanges a mode that can be
studied. Thus, if a basal flange sherd with no surface treatment visible (erosion or unslipped),
this sherd could still be dated to the Early Classic, even if we are unable to determine its type.
For this reason, many archaeologists use the term Type: Variety-Mode instead.
The ware system did not take a strong hold among lowland Maya archaeologists, but is
used by highland ceramists, so it merits a brief discussion here as well. The first systematic
analysis of wares was conducted by Vaillant (1927). Vaillant distinguished ceramics through
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four basic attributes, paste, slip, decoration, and form, with slip as the most important in
identification. All of these characteristics combined allow for a flexible system of analysis.
However, this also makes refining the ceramic chronology more difficult. In addition to the ware
concept, Woodfill (2010) designated the combination of ware and Type: Variety by northern
highland archaeologists as the “French school.” These classifications did not necessarily use
surface decoration as the primary analytical unit. For the site of La Lagunita, the primary
analytic unit was the group, which is occasionally split but with no information on its decision
making (Viel 1984; Ichon and Arnauld 1985).

7.1.2 Classification Methodology for Tierra Blanca
It is clear that ceramic classification systems all have some inherent biases or problems.
However, because the Type: Variety system in the most common form of Maya pottery
classification, this project uses a type: variety system that is already well established. Type:
Variety does a good job of securing a chronology of the excavated features and a great starting
point for intersite comparisons (Aimers 2013; Rice 2013). As I will discuss further in this
chapter, the ceramics of Nueve Cerros includes styles, forms and pastes from the lowlands,
highlands, and local (transversal).
Dillon has already created a typology for Nueve Cerros ceramics (1979). With Nueve
Cerros located between the Guatemalan highlands and the southern lowlands, Dillon decided to
use the Type: Variety method to solve similar classificatory problems faced at Becan (Ball
1977), a site located between two culture regions as well (northern lowlands and central Petén).
Since the start of the current Nueve Cerros archaeological project, PI Brent Woodfill
adapted and expanded Dillon’s original typology. In addition to the Type: Variety system for
transversal style ceramics, he modified the highland ceramic classification systems, or the
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“French School” to fit into the type: variety system to create a single for comparing ceramics
across and between sites. Since lowland ceramics already have established type: variety
classification systems, they are easier to incorporate into the Nueve Cerros typology.
No clear primary deposits recovered in the 2018 excavations, such as cached offerings or
burials. All artifact contexts come from architectural fill or slope wash (colluvium or alluvium).
The excavations were conducted to determine the function of the small depressions and to assess
chronology and construction methods of the mound. Ritual deposits give great contextual
information but makes establishing a long-term chronology more complicated since deposits are
usually not diachronic features. In this case, middens would be the preferred features to
investigate, as they can provide a high quantity of ritual and domestic artifacts, as well as the
potential for long-term usage. The plan for the summer 2019 field season was to try to locate
middens in the Tierra Blanca residential group. However, the local landowners sold the parcels I
planned to excavate, and I was unable to get in contact with the new owners. Additionally, the
threat of narcotrafficking in the region made many communities nervous of allowing foreigners
in the region for a short while (https://www.prensalibre.com/ciudades/alta-verapaz/localizanavioneta-que-fue-incendiada-en-alta-verapaz). With the safety of all parties involved as my
primary concern, I decided not to excavate any further for the year and focused on the artifacts
that I already have collected.

7.2 Tierra Blanca Residential Chronology
With all of this in mind, the stratigraphic contexts of most of the ceramics do show
different cultural horizons, with a few starting from the Late Preclassic - Early Classic and the
bulk of the horizons and materials dating to the Late Classic (Table 7.1). All ceramic artifacts
were weighed and counted. A total of 9,074 sherds were collected from the excavations. Of
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these, only 3,173 were identifiable to a region, ceramic phase (time period), or type: variety. Not
all ceramics could be assigned a type, but often the form of a diagnostic sherd can reveal
information on time period (basal flange is a common Early Classic feature, for example). A
total of 70 varieties were identified, classified regionally from the highlands, lowlands, and
transversal. The rest were either too eroded, too small (scraps), or only ceramic form was able to
be concluded.
Table 7.1. Sherd count (including partial vessels) and relative frequencies for ceramics of different regions
during each major time period in the Tierra Blanca residential group.

Time Period
Late Preclassic
Early Classic
Late Classic
Early Postclassic

Highlands
Count
%
1
1%
1
1%
840
29%
2
100%

Lowlands
Count %
39
27
51
50%
128
4%
0
0%

Transversal
Count
%
102
72%
50
49%
1976
67%
0
0%

7.2.1 Preclassic Period
No Middle Preclassic horizons/levels of occupation were found in the excavations. In
fact, no artifacts dating to the Middle Preclassic were found my excavations. There is evidence
of a Middle Preclassic origin at the nearby ceremonial center. Excavations of the E-Group and
ballcourt revealed Mamom-sphere ceramics, which are typical lowland style ritual artifacts
common in Middle Preclassic ceremonial contexts. (Ortiz et al. 2017; Freidel et al. 2018).
Although many Preclassic ceramics were recovered, only mound 64A could be securely
dated to have Preclassic horizons. The bottom couple levels of 64A are all Late Preclassic, with
one Early Classic sherd. The later fill layers can be dated to the Early Classic and Late Classic.
As the largest mound of the residential group, this also suggests that the group was occupied at
least since the Late Preclassic, with an increase in occupation during the Late Classic. The lowest
horizon of the 63A ceramics only revealed a mixed context dating to the Late Preclassic and
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Early classic. Although this context is primarily due to slope wash, it also suggests early usage of
depression.
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Table 7.2. List of Late Preclassic types identified from the Tierra Blanca excavations, organized first by region, then by ware and type: variety.

Ceramic
Phase
Ware

Región

Período

Tierras Bajas

Preclásico Tardío Chicanel Paso Caballo Ceroso Sierra

Sierra Rojo

Tierras Bajas

Preclásico Tardío Chicanel Paso Caballo Ceroso Polvero

Polvero Negro

Tierras Bajas

Preclásico Tardío Chicanel Paso Caballo Ceroso Con color diferenciado Chimuelo Dicromo (naranja exterior) ND/Rojo interior

Tierras Bajas

Preclásico Tardío Chicanel Uaxactun sin Engobe Caulote

Caulote con Baño: Caulote

Transversal

Preclásico Tardío Chocooj

Variegado

Echalic

Echalic Naranja Variegado

Transversal

Preclásico Tardío Chocooj

Variegado

Caxlan

Caxlan Café

Transversal

Preclásico Tardío Chocooj

Icbolay Ceroso

Chubal

Chubal Naranja

Transversal

Preclásico Tardío Chocooj

Icbolay Ceroso

Chubal

Chubal Naranja

Transversal

Preclásico Tardío Chocooj

Icbolay Ceroso

Tzicbul

Tzicbul Inciso (Rojo)

Transversal

Preclásico Tardío Chocooj

Icbolay Ceroso

Bexsumenc

Bexsumenc Blanco

Transversal

Preclásico Tardío Chocooj

Acalaha sin Engobe

Isimbil

Isimbil Alisado

Transversal

Preclásico Tardío Chocooj

Acalaha sin Engobe

Xatzap

Xatzap con Baño Naranja

Transversal

Preclásico Tardío Chocooj

Acalaha sin Engobe

Numsieb

Numsieb Estriado

Naranja

Borayo

Borayo Naranja

Altiplano del Norte Preclásico Tardío Carcha

Grupo

Tipo
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Variedad

Count
39
1

Caulote (baño rojo)

1
1
16
1
5

Acanaladura y pintura roja en el
interior

1
15
32
9
5
17
1

Figure 7.1. Examples of Late Preclassic ceramics: (A) Chubal orange; (B) Echalic orange; (C) Tzicbul incised; (D) Bexsumenc white; (E) Isimbil
smoothed.
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152 ceramic sherds date to the Late Preclassic period (Table 7.2). Mostly local, with a
few lowland style ceramics and only one highland style sherd. It is not uncommon to have a low
count on highland ceramics during the Preclassic period, as this is standard throughout Nueve
Cerros (Woodfill et al.2015). Local transversal and lowland ceramics are very similar in form but
can be distinguished based on paste and occasionally by its slip. Eight transversal types were
identified; five slipped and three unslipped. Only transversal unslipped ceramics were recovered.
The most interesting of these are the Numsieb striated type, which were most likely water jars.
Jars with striation are commonly argued to function as water jars in the lowlands (Davis-Salazar
2003; Jacob 1995; Willey et al. 1994), however, only body sherds were identified from the
excavations.
No unslipped lowland ceramics were recovered in the excavations. This is an important
to note, since the importation of lowland ceramics would have been for household ritual
significance rather than domestic usage. Sierra Red ceramics dominate the lowland ceramic
assemblage, with all lowland ceramics in the ‘Paso Caballo Ceroso’ ware classification. These
are slipped vessels, defined by a waxy finish, as opposed to the glossier Late Classic finish,
which is common in the Preclassic ceramics found in the Maya world.
Although the majority of these ceramics were identified through body sherds, a fair
number of diagnostic sherds were recovered, suggesting the presence of plates, bowls, and a
rimsherd of a large cooking pot or olla (Figure 7.1).

7.2.2 Early Classic
Only 71 Early Classic sherds were identified in the Tierra Blanca assemblage (Table 7.3).
Early Classic contexts are known to be incredibly difficult to identify, especially in sites that
span from the Preclassic to the Late Classic (Chase and Chase 2005; Laporte 1995). Early
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Classic horizons are difficult to find in settlement test-pits and are more frequently seen in buried
architecture. The transition between different phases can be most readily identified through
excavations of ritual deposits that contain either Late Preclassic and Early Classic style vessels or
Early Classic vessels with Late Classic forms. Although we did not uncover any securely dated
primary contexts, the stratigraphic fill contests do show Early Classic soil horizons. We collected
charred remains for future Bayesian radiocarbon chronological analyses to determine the
continuity or discontinuity of the mound group.
The central test-pit of depression 61B (Luna Velazquez 2013) shows a secure foundation
of the Early Classic, with early classic incensario (incense burner) fragments found along the
slope of the depression. The nearby mound (Op 61-1) did not reveal secure Early Classic
deposits or stratigraphic horizons. This could be due to the continual use of the depression
predating mound construction, or excavations of the mound simply did not locate the earliest
horizons or ritual deposits. Additionally, depression 63A also consists of Early Classic horizons.
As I mentioned before, depression 63A has mixed contexts of Late Preclassic and Early Classic
soil horizons. The ceramics are very eroded but beginning at 40 cm below the surface all
identifiable ceramics are Late Preclassic or Early Classic types.
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Table 7.3. List of Early Classic types identified from the Tierra Blanca excavations, organized first by region, then by ware and type: variety.

Región
Tierras
Bajas
Tierras
Bajas
Transversal
Transversal
Transversal
Transversal
Transversal
Transversal
Transversal
Tierras
Altas

Período
Clásico
Temprano
Clásico
Temprano
Clásico
Temprano
Clásico
Temprano
Clásico
Temprano
Clásico
Temprano
Clásico
Temprano
Clásico
Temprano
Clásico
Temprano
Clásico
Temprano

Ceramic
Phase
Ware

Grupo

Tipo

Tzakol

Águila

Águila Naranja-Rojo

Tzakol

Petén Lustroso
Uaxactun sin
Engobe

Quintal

Tot

Variegado

Pechlebal

Quintal sin Engobe
Pechlebal Naranja Amarillenta
(Tzakol 2/3)

Tot

Variegado

Caxlan

Caxlan Café

Tot

Xoy Lustroso

Sachbil

Sachbil Naranja

Tot

Xoy Lustroso

Sachbil

Sachbil Naranja: Motzoil

Tot

Xoy Lustroso

Lucum

Lucum Negro

Tot

Xoy Lustroso

Jucucnac

Jucucnac Negro

Tot

Acalaha sin Engobe
Cahabon
Desconchante

Nabail
Nebail sin Engobe
Chichicast
e
ND Rojo-sobre-Café

Variedad

Count
5
12
2
1
17

Motzoil (Tzakol
3)

14
3
7
5

Cobán 1
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1

Figure 7.2. Examples of Early Classic ceramics: (A) Sachbil, variety Motzoil; (B) Indeterminate types, but Early classic basal flanges and rims; (C)
Nebail unslipped; (D) Quintal unslipped.
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Early Classic ceramics are dominated by orange and black slipped transversal ceramics,
which both belong to the ‘Xoy Lustroso’ ware group. Compared to Late Preclassic slips, these
have a glossier finish, as opposed to waxy. Few lowland ceramics were recovered, and only one
highland sherd was identified. Sachbil orange types are the most common type, that are usually
plates with a coarse brown paste tempered with sand, tuff, and mica. Unslipped ceramics were
recovered as well, specifically the type ‘Nebail.’ Nebail ceramics are unslipped and were used
for boiling the briny water for salt production in the epicenter (Figure 7.2). Their forms are
usually tall pitchers or jars. No salt storage vessels (Atzam type) were found, so it is likely that
these were used for boiling food needs as opposed to salt production. Early Classic unslipped
lowland ceramics were also recovered in the excavations.

7.2.3 Late Classic
The bulk of architectural construction at Nueve Cerros occurred during the Late Classic.
This can be seen throughout the entire site, with most mounds, platforms, and other architectural
features having Late Classic horizons and deposits. Most features at Nueve Cerros have a final
occupation horizon dating to the Late Classic, with a few exceptions of Early Postclassic. This is
also the case for the 2018 Tierra Blanca excavations. Late Classic artifacts were found in all
features excavated, also suggesting that the population and architectural construction expanded
greatly during this phase.
By far the highest quantity of ceramics belong to Late Classic phases, with 2,947
identifiable sherds (Table 7.4). Majority of the ceramics are transversal domestic wares, followed
by highland and lowland ceramics respectively. This is not uncommon at the site; Woodfill et al.
(2015) has already noted that this is the standard pattern seen across the site. What is primarily
interesting about this residential assemblage is the primacy of domestic and unslipped ceramics.
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The transversal ceramics consisted primarily of domestic wares. By far the most common
ceramic type found in features and stratigraphic context is the Xajal type. Xajal ceramics are
defined primarily by its unique paste, which is hard and gritty, very porous, and tempered with
coarse sand, pebbles, and mica. The Tierra Blanca excavations have identified both unslipped
and slipped varieties, as well as some tempered with quartz. Xajal pots are very large jars with
restricted necks, possibly functioning as water jars. In addition to the Xajal type, The Jekcha type
is also very common, which are red-slipped jars with narrow necks, horizontal shoulders, and
indented bases. Osoquin sherds are seen in all excavated features, which consist of an extremely
porous paste tempered with organic materials and contains numerous air pockets. These ceramics
are extremely light, and Forne et al. (2011) has argued that light and porous ceramics functioned
as a thermal insulator for maintaining the freshness of the contents in the container. The last
important type identified is the Camenac type, which are defined by a coarse dark orange-red
paste. Interestingly, the variety Julajex was identified, which have the form of shallow plates,
and are nearly flat with thin walls. These are considered “comales”, which are in fact flat
griddles that are used for cooking corn tortillas. Comales are rarely found in the Maya lowlands,
since tamales are the primary way corn dough was prepared for eating.

157

Table 7.4. List of Late Classic types identified from the Tierra Blanca excavations, organized first by region, then by ware and type: variety.

Región
Tierras Bajas
Tierras Bajas
Tierras Bajas
Tierras Bajas
Tierras Bajas
Tierras Bajas
Tierras Bajas
Tierras Bajas
Transversal
Transversal
Transversal
Transversal
Transversal
Transversal
Transversal
Transversal
Transversal
Transversal
Transversal

Período
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío

Ceramic
Phase

Ware

Grupo

Tipo

Tepeu

Petén Lustroso

La Isla

La Isla Naranja

Tepeu

Petén Lustroso

Subin

Subin Rojo

Volcánica (Salinas)

Tepeu

Petén Lustroso

Subin

Subin Rojo

Fino (Salinas)

Tepeu

Petén Lustroso

Subin

Chaquiste Impreso

Chaquiste

Tepeu 3

Zacatel

Zacatel Crema-Polícromo

Cambio
Chichicuil

Cambio sin Engobe
Chichicuil con Baño: ND
Brochazos Negros

Tepeu 3

Petén Lustroso
Uaxactun sin
Engobe
Uaxactun sin
Engobe
Uaxactun sin
Engobe

Encanto

Encanto Estriado

Tut

Xoy Lustroso

Xxxx Naranja

Sakibac Inciso

Tut

Xoy Lustroso

Patzchac

Patzchac Rojo

Tut

Xoy Lustroso

Camenac

Camenac Rojo

Tut

Xoy Lustroso

Camenac

Camenac Rojo: Xitinc

Tut

Xoy Lustroso

Camenac

Camenac Rojo: Julajex

Xitinc
Julajex
(más burdo y naranja)

Tut

Xoy Lustroso

Camenac

Camenac Rojo: Inciso

Inciso

Tut

Xoy Lustroso

Jekcha

Jekcha Rojo

Tut

Xoy Lustroso

Jekcha

Jekcha Rojo

Tucubanc

Tut

Xoy Lustroso

Jekcha

Xelub Dícromo

Imitación Zopilote

Tut

Xoy Lustroso

Jekcha

Yojob Dicromo-Inciso

Tut

Xoy Lustroso

Maseb

Maseb Rojo

Variedad

Count
2
55
35
4
3

Tepeu 3
Tepeu 3

37
1
ND/Brochazos Negros
2
21
1
181
20
47
6
441
23
29
7
54
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Transversal
Transversal

Transversal
Transversal
Transversal
Transversal
Transversal
Transversal
Transversal
Altiplano del Norte
Altiplano del Norte
Altiplano del Norte
Altiplano del Norte
Altiplano del Norte
Altiplano del Norte
Altiplano del Norte
Altiplano del Norte
Altiplano del Norte
Altiplano del Norte
Altiplano del Norte
Altiplano del Norte

Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío
Clásico
Tardío

1
Tut

Xoy Lustroso

Atzam

Tut

Xoy Lustroso

Lecomac

Tut

Rambilin
(Tepeu 1)

Atzam Rojo
Pomoc Grooved (incluye
Cubuc)
Rambilin Naranja Polícromo:
Rambilin (incluye Chebanuac,
Purrul y Pecrru)

Tzaquib

Tzerro Rústico

Nabail

Nabail sin Engobe

Xajal

Xajal sin Engobe

Xajal

Xajal con Engobe

Osoquín

Osoquín sin Engobe

Osoquín

Osoquín Estriado

Chichicaste

Chichicaste Café

Chichicaste

Kaleb’aal Inciso
Bicromo

1

Negativo

1

Hix Acanalado

6

Cobán 2

Xoy Lustroso
Acalaha sin
Engobe
Acalaha sin
Engobe
Acalaha sin
Engobe
Acalaha sin
Engobe
Xxxxx (poroso
plus)
Xxxxx (poroso
plus)
Cahabon
Desconchante
Cahabon
Desconchante
Cahabon
Desconchante
Cahabon
Desconchante
Cahabon
Desconchante
Cahabon
Desconchante
Cahabon
Desconchante
Cahabon
Desconchante
Cahabon
Desconchante
Cahabon
Desconchante

Cobán 2

Naranja

Pasaquil

Cobán 2

Mostaza

Mostaza

Tut
Tut
Tut
Tut
Tut
Tut
Cobán 2
Cobán 2
Cobán 2
Cobán 2
Cobán 2
Cobán 2
Cobán 2
Cobán 2
Cobán 2

1
2

26
3
573
132
299
2
192
4

Chichicaste
Chichicaste
Chichicaste
12
Olola
2
Olola

Coralillo
2

Chilil
8
Hollín
1
Eneldo
2
1
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Altiplano del Norte
Altiplano del Norte
Altiplano del Norte
Altiplano del Norte
Altiplano del Norte
Altiplano del Norte

Clásico
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Figure 7.3. Examples of diagnostic Late Classic ceramics: (A) Subin red; (B) Chaquiste impressed; (C) Tzerru Rustico; (D) Sakibac Incised; (E) Xelub
Dichrome.
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Figure 7.4. Late Classic partial vessels: (A) drawing of Glicerina white partial vessels; (B) Nitro incised white partial vessel, Chipoc style (looted
context); (C) Nitro Incised white, polychrome variety, with orange, red, and black remnants on the exterior (looted context); (D) Sakibac incised with
zoomorphic and geometric designs (looted context).
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Highland ceramics are much more common in the Late Classic than during previous
periods. These ceramics consist of primarily the Nitro “ware” group and Cebada poroso. Nitro
wares are special, used as ritual artifacts and often found in ritual deposits at the site. Although it
is out of context since it was part of looters backfill, incised nitro partial vessels were recovered
from the largest mound I excavated, 64A. These vessels have glyphs and designs, with one of
them being a polychrome (Figure 7.4). These most likely belonged to cached deposits or were
special offerings placed in the mound. Cebada poroso on the other hand are essentially the
highland variant of the Osoquin transversal type. They are porous, unslipped, and used
domestically.
The Late Classic lowland assemblage is much smaller but dominated by the Subin red
type (Figure 7.3). However, there is a local transversal Subin type with a volcanic paste. Subin
fineware variants were also recovered from the excavations, although these may be actual
tradewares from the lowlands. Subin vessels are large open bowls that were used in food
preparation (Foias and Bishop 1997).

7.3 Ceramics in a Domestic Context: Utilitarian, Ritual, and
Reflections on the Importance of water
Aren’t all ceramics in some way related to food production, preparation, and serving?
Ceramics found in elite contexts and in ritual architecture are domestic vessels in nature, such as
spouted chocolate pots and polychrome serving vessels. Brady and Peterson (2008) have argued
that determining the difference between ritual and utilitarian ceramic assemblages can be very
difficult, with extensive overlap between the two, especially in clearly ritual and sacred spaces
such as caves. In the case of my excavations, none of the excavated features showed exclusively
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or primarily ritual in function. The majority of the ceramics are utilitarian goods, even though
there is evidence of elite ceramics and ritual offerings elsewhere across the site.
The ceramics show clear evidence of domestic wares, but there is some evidence of
domestic rituals. The looted Late Classic vessels (Figure 7.4) came from the summit of the
largest mound and were possibly part of an important ritual cached offering. Additionally, two
important ceramic artifacts were found in the excavations. A partial dog figurine was discovered
in depression 61B. This small depression has evidence of a high-water table and had held
groundwater in the past. Dogs have been argued to be companions in death, for those entering
the underworld. With caves, water-holding reservoirs, cenotes, and chultuns as having the
mirror-like surfaces of the underworld, it is possible that groundwater wells had a similar role.
In depression 64C, a partial figurine mold of an individual (Figure 7.5). Depression 64C is not a
water holding depression but was used as a barrow pit for quarrying earthen clay for mound
construction. Sears has extensively studied figurines in aguada contexts at Cancuen, Guatemala,
and has hypothesized that placing a figurine at the bottom of an aguada is an act of termination
of the object to regenerate the aguada, as well as an offering to the Maya gods (2016: 243). Is it
possible that the same act was occurring at Tierra Blanca? The dog figurine surely aligns with
previous interpretations. I propose an alternative hypothesis with depression 64C. A figurine
mold was placed was placed directly in the center of the depression to terminate it, and as an
offering for hope for a future collecting of water. The stratigraphy showed that water was never
plentiful, but we can begin to see the importance of this “decentralized” system” in the minds of
its inhabitants.
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Figure 7.5. Figurine mold found in depression 64C.

165

Chapter 8: Obsidian Analyses in the Tierra
Blanca Residential Group
In the previous ceramic chapter, I showed how the ceramic pastes, slips, and styles
showed evidence of interregional interaction and exchange networks between the Maya
highlands and lowlands. This is very unique to Nueve Cerros, strategically located between the
two regions, while having regional economic importance with the production and exportation of
salt. Perhaps the best material used by Maya archaeologists to assess interregional interaction,
exchange networks, and market systems is obsidian artifacts. In Mesoamerica, there are only a
few locations where obsidian can be naturally sourced, making the identification of obsidian
object’s source ideal for understanding long-distance and market exchanges. As lithic artifacts,
obsidian objects can also provide information on craft production and consumption. In this
chapter, I describe the obsidian assemblage from the 2018 Tierra Blanca excavations; Operation
63 (A, B, and C), and Operation 64 (A and C). These include obsidian artifacts from three
depressions and two mounds. A total of 141 objects were recovered the excavations, and were
individually analyzed for artifact form classification, and sourced individually through pXRF.
Although this is a very small percentage compared to the total obsidian assemblage at Nueve
Cerros (over 30,000 obsidian artifacts), contextually, these data can begin to illuminate on
patterns of consumption, collective action, production, trade, and exchange throughout time.

8.1 Obsidian Exchange in the Maya lowlands
Obsidian artifacts are ubiquitous in the Maya and greater Mesoamerica region, and are
used to address a variety of research questions. As volcanic glass objects, they are nonperishable, and are found in ritual and domestic contexts, throughout Maya history. More
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importantly, obsidian is naturally occurring in specific locations in the Guatemalan highlands
and Mexico. Through visual and geochemical sourcing, obsidian artifacts can be traced to its
original quarried location. This has allowed archaeologists to ask questions beyond the
production and consumption of lithic artifacts, to include questions regarding their procurement,
exchange, and long-distance interactions. Questions regarding the trade of important objects
throughout time can be addressed when analyzed contextually with chronological data (ceramic
seriation, radiocarbon dating). Once long-term patterns of exchange become visible and detailed,
the organization of the economies of major lowland Maya centers can be analyzed for detecting
markets, elite/non-elite provisioning of exotic (or rare) resources and identifying relationships
between major and minor Maya centers.
The most dominant model of obsidian exchange is the distributional model outlined by
Hirth (1998). Essentially advocating for open markets, the distributional approach argues that
individuals (or households) participate in market exchange independent of each other, without
regard to social rank. Access to prismatic obsidian blades are often used to test a site’s access to
markets. With Maya markets now widely accepted by archaeologists (Masson and Freidel 2012;
King 2015), archaeologists are beginning to tease out the intricacies of household consumption
and its relationship to interregional interactions.
The origins, processes, and changes in interregional interactions among the ancient Maya
were important in the development of large sedentary Maya cities. Late Preclassic Maya obsidian
assemblages are generally characterized by imported San Martin Jilotepeque (SMJ) objects.
Lithic studies at Ceibal has determined that the earliest Middle Preclassic obsidian is sourced
primarily to El Chayal. Chayal obsidian is probably the original source for most obsidian is
before the rise of Kaminaljuyu, but after Kaminaljuyu networks were established, SMJ became
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the dominant source. After its collapse, trade relations began with Chayal -focused cities
(Aoyama 2017). A similar chronological pattern during the Middle Preclassic can be seen at
Cahal Pech as well (Awe and Healy 1994). With most interregional artifacts coming from the
Guatemalan highlands, these relationships were in turn more crucial than with other
Mesoamerican culture areas (Central Mexico or the Gulf Coast). In fact, Aoyama argues that the
exchange of obsidian from the Maya highlands was “more crucial to the development of lowland
Maya civilization than was long-distance exchange with Mexico” (2017: 228).
Further refining the distributional approach, obsidian crafting (and other crafting
materials) were not a highly controlled elite activity. Instead, Maya households had access to a
variety of materials through markets (Chase and Chase 2014b). Chase and Chase argue “In
particular, market exchange should be evident for items such as domestic pottery that are bulky,
heavy, and/or difficult to transport and in need of frequent replacement” (2014: 240). This would
have been the case for Nueve Cerros, with evidence of non-local domestic pottery, as outlined in
the previous chapter, as well as for the export of salt and import of many goods including
groundstone.
Just as important is the state of the obsidian objects when they are imported. Obsidian
artifacts are often imported as large polyhedral core or nodules, evinced from excavation
contexts. A lack of cores and nodules at the site level may indicate a lack of production at the
household level, with prepared tools being brought in. This is often not the case, with specialized
production areas, or workshops located centrally in a site or within different neighborhoods. It is
important to note that archaeological excavation strategies or biases can also affect the
interpretation of the scale of production at sites.
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8.2 Importance of Obsidian Sourcing
Portable energy-dispersive X-ray fluorescence (pXRF) spectrometry has gained wide
usage among Maya archaeologists in sourcing obsidian artifacts. Here, I will define the source as
the direct locale of where the obsidian object was originally quarried, based on the geochemical
compositional group of the object. pXRF instruments are able to geochemically characterize
obsidian objects for archaeological provenance research. Once the source is identified, patterns
of interest to archaeologists may emerge based on the location and chronological period.
While many techniques are available and commonly used by researchers interested in
sourcing, such as neutron activation analysis (NAA/INAA) and inductively coupled plasma mass
spectrometry (ICP-MS), XRF or pXRF has a few extra benefits. XRF is non-destructive, requires
minimal sample preparation, has generally low-costs and short analysis returns, and can analyze
for barium, strontium, and zirconium (Nazaroff et al. 2010; Moens et al. 2000). For
Mesoamerican obsidian studies, the most useful elements in distinguishing source locations are
Strontium (Sr), Zirconium (Zr), and Rubidium (Rb).
To guarantee reliability on archaeological sourcing, a few considerations must take place.
First, portable XRF instruments are not statistically equivalent, or consistent with results from
other XRF instruments. Nazaroff et al. (2010) has shown that pXRF instruments produce
internally consistent results, but not between instruments, meaning all objects should be analyzed
using the same instrument to assess comparisons. In the same vein, known and verified source
objects must first be identified before determining sources of collected artifacts.
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8.3 Previous obsidian analyses at Salinas de los Nueve
Cerros
The obsidian data recovered from the Tierra Blanca residential group from the 2018
excavations represents an extremely small sample of what has been recovered during the last
decade of archaeological investigations. Over 31,000 obsidian artifacts were recovered from
excavations between 2010-2016 (Carpio 2017). The 141 obsidian artifacts analyzed for this
dissertation cannot be used to make site level inferences about production, exchange,
depositional habits, and consumption practices. Instead, the small sample will be used to
contextualize the residential group with the greater Nueve Cerros region. The three primary
obsidian sources found at Nueve Cerros are San Martin Jilotepeque (SMJ), El Chayal, and
Ixtepeque (Figure 8.1). Additionally, Mexican sources are also found, being easily identified
through the green color of the obsidian. Below I summarize the obsidian studies previously
conducted at Nueve Cerros.

Figure 8.1. Location of the major obsidian sources used by the Maya. Map after Carpio (2017).
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Blades are the primary obsidian crafted tool in Mesoamerica, and this is also the case at
Nueve Cerros. Prismatic blades are the most traditional, but at Nueve Cerros crested blades are
very common as well. With all blades included (prismatic, crested, irregular, and error), a total of
17,363 were identified. Additionally, a total of 127 cores were recovered for the production of
prismatic blades, flakes, and bipolar flakes. This is one of the largest assemblages of obsidian
cores in the transversal, highland-lowland interaction sphere, perhaps only a smaller assemblage
to Cancuen, with 952 total cores recovered (Demarest et al. 2014). Carpio’s (2017) study on the
complete obsidian assemblage did not quantify the total amount of flakes recovered, but it
probably constitutes the rest of the obsidian assemblage.
The greater Tierra Blanca area constitutes 85% (n=26,832) of the obsidian artifacts
recovered from excavations. This includes excavations from the Preclassic ceremonial center,
port structures, dispersed households, activity areas (figurine, lithic, and salt workshops), and
aguadas. 86% of the Tierra Blanca obsidian assemblage is sourced to San Martin Jilotepeque,
with only 14% sourced to El Chayal. This study did not distinguish between architectural phases
and patterns of obsidian sourcing, but since Tierra Blanca has very clear evidence of a long
history of occupation from the Middle-Late Preclassic to the Late Classic, it is possible that the
San Martin Jilotepeque obsidian was primarily procured during the Preclassic. Alternatively, the
epicenter contains 6.4% (n=2,005) of the total obsidian assemblage at the site. 87% of these
artifacts are sourced to El Chayal, and only 9% are sourced to San Martin Jilotepeque. Large
monumental construction and an increase in population of the epicenter during the Late Classic
is probably responsible for the high quantities of Chayal obsidian.
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8.4 Tierra Blanca Methods and Results
With this in mind, I examined the 141 obsidian artifacts collected from the 2018 Tierra
Blanca residential group excavations. The artifacts were identified by type (blade, flake, biface),
evidence of use wear, and fragment status. Determining the artifact type and use wear is
important for understanding the patterns of consumption and production of obsidian by the local
residents. Specifically, distinguishing between percussion techniques and pressure techniques
have a lot of implications to the obsidian blade industry at Nueve Cerros.
Obsidian objects crafted with percussion techniques are usually the result of core shaping
and preparation for polyhedral blade-core production (Johnson 2016). Flakes and shaped cores
can then be used as tools, but the primary purpose is to create blades. However, percussion flakes
or debitage is often unused/unmodified. Pressure techniques are the favored method of creating
blades in the Maya lowlands. This usually occurs after creating or obtaining a polyhedral
obsidian core. Lithicists categorize blades into 3 series. The 1st and 2nd series blades are irregular,
non-parallel, with pressure attributes on their ventral surface, and aid in modifying the core for
producing longer, parallel sided blades (Johnson 2016; Hirth 2003). 3rd series blades are highly
standardized, with parallel sides. For the most part, these are the preferred blades used in the
Maya lowlands, and the same for the Nueve Cerros inhabitants.
Combining these data with pXRF results can elucidate whether there are patterns of
consumption preferences between different obsidian sources, as well as preferences in obsidian
tools through time. For pXRF results, I used a Vanta M Series handheld XRF analyzer. The
analyzer was borrowed from Dave McCormick, a PhD candidate from Yale University, whose
dissertation focuses on obsidian workshops in ancient Mesoamerica. McCormick already
established a baseline for the XRF sources and created the output results for my interpretations.
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McCormick supervised all obsidian analyses for this project. Appendix C provides the results of
the macroanalyses and lists all of the sourcing assay data from the pXRF. 136 of the 141
obsidian artifacts gave accurate results. Five obsidian artifacts did not output a positive result
with the pXRF; this is possibly due to a “dirty shot” of the object while it was being processed.

8.4.1 Tierra Blanca Obsidian Consumption
79% of this assemblage consisted of bladed artifacts, showing their preferential use over
all other types of tools. Of these blades, 96% are 3rd series blades, which are finalized pressure
blade products in the production chain. No complete 3rd series blades were recovered, only
medial, proximal, and distal fragments. Only three blades show heavy use wear, while the rest of
them show low or medium usage. Six initial series blades were recovered from the excavations,
with very little use-wear. These were most likely only used for modifying the polyhedral core.
Between 9-12 percussion blades and flakes were also recovered from the excavations. All of
them also showed minimal use wear. Additionally, four shattered flakes, or percussion debitage,
were recovered from the excavations.
With blades as the primary artifacts recovered, there are a few other interesting data to
note (Figure 8.2). Two bifaces were recovered from the excavations. One is a fragmented
obsidian knife, the other is a near complete laurel-leaf style knife. Neither of them shows usewear, and the fragmented knife is Central Mexican in origin. Additionally, no cores were
recovered in these excavations. Since over 100 cores have been recovered elsewhere, this
suggests that production of obsidian tools occurred primarily outside of the residential group.

173

Figure 8.2. Example of obsidian artifacts from the Tierra Blanca Residential Group excavations: (A)
Examples of common obsidian blades; (B) Biface fragment sourced from Mexico; (C) Laurel leaf style
complete biface.

A chi-square analysis was conducted to determine if there was a statistical difference
between obsidian deposition in mounds and depressions. A chi-square statistic is used for testing
relationships between categorical values. Statistically, there was no difference between
preference of refuse deposition between obsidian artifacts (Table 8.1).

Table 8.1. Chi-Square Results: Context groups by artifact type.

Mounds

Depression

TOTAL

Blades

60

52

112

Non-Blades

15

14

29

TOTAL

75

66

141

Chi-Square= 0.3106, df=1, p= .577286, critical value= 3.841. The result is not significant at
p<.05
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Chronologically, there is also no statistical difference in consumption of obsidian types
(Table 8.2). A chi-square test was conducted to look for a relationship between blade or nonblade artifacts and the Early Classic, Early-Late Classic, and Late Classic. Blades were the
preferred obsidian tool by the residents of this group throughout its history.
Table 8.2. Chi-Square Results: Chronology by artifact type.

Early Classic

Early-Late

Late Classic

TOTAL

Blades

6

13

89

108

Non-Blades

2

0

31

33

TOTAL

8

13

120

141

Chi-Square= 4.379, df= 2, p= .112, critical value= 5.991. The result is not significant at p>.05.

8.4.2 Sourcing and Chronology
No Preclassic obsidian artifacts were recovered. However, only 1-2 soil horizons dated to
from Mound 64A dated to the Late Preclassic, with very few artifacts overall. It’s possible with
more soil horizons excavated, Late Preclassic obsidian will appear.
Mound 64A is the only archaeological feature to contain Early Classic obsidian. By the
Early Classic, San Martin Jilotepeque was still in frequent use by the Nueve Cerros inhabitants
(Table 8.3). In Table 8.3, I added an Early-Late column, since it was from a context in Mound
64A with mixed Late Preclassic and Early Classic ceramics. Only San Martin Jilotepeque
obsidian was recovered in this context. In Mound 64A and in the rest of the Tierra Blanca
residential group SMJ obsidian is still prominent, but with a greater frequency of El Chayal
obsidian. A preference for Late Classic Chayal obsidian is common throughout the Maya
lowlands (Golitko et al 2012; Nelson 1985). At other sites, El Chayal starts to become the
preferred source beginning in the Early Classic. Woodfill and Andrieu (2012) have shown that at
Tikal, El Chayal sourced obsidian became dominant beginning in the Early Classic. At least for
this residential group at Nueve Cerros, El Chayal obsidian is clearly only preferred during the
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Late Classic. During the Early Classic, either SMJ tools were being imported, or still being
reused. This is a reasonable assumption since there is no evidence of intensive obsidian
production in this residential group.
Table 8.3. Chronology of sources for obsidian artifacts.

TOTAL

Early
Classic
(SMJ)

Early
Classic
Chayal

Early-Late

7

1
0.74

Percentage 5.14

Early-Late
Chayal

Late
Late
Classic Classic
SMJ
Chayal

TOTAL

13

0

44

71

136

9.56

0

32.35

52.21

100%

SMJ

Contextually, there is a difference in the quantity of deposited artifacts based on source
and archaeological feature. Table 8.4 shows the total count of SMJ and Chayal obsidian per
excavated feature. A Chi-square test was conducted, and the results showed a statistical
significance (Table 8.4). However, this significance is a result of early soil horizons identified in
Mound 64A. Excluding the Early Classic depostis, there is no pattern in the depositional location
of obsidian artifacts in the Late Classic.
Table 8.4. Context of obsidian artifacts by source (separated).

San Martin Jilotepeque (SMJ)

El Chayal

TOTAL

Depression 63A

4

5

9

Depression 63C

0

6

8

Depression 64C

18

30

48

Mound 63B

5

19

24

Mound 64A

37

12

49

TOTAL

64

74

136

Chi-square= 29.665, df=4, p-value <.0001, critical value= 9.488. The result is significant at
P<.05
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Lastly, the obsidian artifacts were grouped by source and obsidian type to determine
whether there were any preferences in tool types based on the source. The results were pretty
clear, but a chi-square test was conducted regardless for consistency with the rest of the tables.
There is no significant pattern in consumption of blades vs. non-blade artifacts between SMJ and
El Chayal (Table 8.5). In other words, the tool types between SMJ and El Chayal sourced
obsidian are very similar, with no preferences for either source.
Table 8.5. Obsidian artifact type count by source.

San Martin Jilotepeque (SMJ)

El Chayal

TOTAL

Blades

50

59

109

Non-Blades

14

13

27

TOTAL

64

72

136

Chi-Square= 0.3106, df=1, p= .577286, critical value= 3.841. The result is not significant at
p<.05
In addition to the focus on SMJ and Chayal sourced obsidian, the pXRF results also
showed two artifacts coming from the Ixtepeque source and Central Mexico. The Ixtepeque
sourced artifact is a shattered fragment, probable debitage from blade production. The Mexican
sourced artifact is a partial biface knife with no evidence of use-wear. These two artifacts may
have been originally part of special deposits. These artifacts also suggest that this residential
community had access to special artifacts, and in fact consumed them in non-ritual contexts. To
put in perspective, out of 2,283 obsidian artifacts sampled for pXRF analyses at Tikal,
Guatemala, only 10 were sourced to Central Mexico (Moholy-Nagy et al. 2013).
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8.5 Discussion: Long-Distance Exchange and Collective
Action at Nueve Cerros
I want to re-emphasize that the obsidian dataset analyzed in this chapter is a very small
subset of the greater Nueve Cerros region. However, patterns still emerge when analyzed
contextually. The dominance of Early Classic SMJ obsidian at Nueve Cerros may have been due
to remaining cores and tools in circulation from the preceding Late Preclassic (Golitko et al.
2012). By the Late Classic, El Chayal obsidian was clearly the preferred source for the Tierra
Blanca residential group, and for the greater Nueve Cerros region. With Cancuen being the
closest royal city, El Chayal obsidian may have been imported from this city or its nearby
secondary cities.
The lack of obsidian cores found in the Tierra Blanca residential group suggests that
imported goods may have been controlled by the local Nueve Cerros elites. However, this does
not imply that local residents had restricted access to these resources. Obsidian cores have been
found in other areas of Tierra Blanca. Obsidian blades were also found throughout all of the
excavated features, with no evidence of restricted access, especially during the Late Classic.
More excavations of earlier securely dated Preclassic features are necessary to determine how
access to imported goods have changed among the Nueve Cerros populace. In addition, the
consumption of 3rd series obsidian blades were also not restricted to particular households;
households in this group had equal access to important tools.
The role of material culture and imported goods in this residential group can be best
described through collective action theory. Using this framework, the more elites or rulers
depended on the populace for labor or tribute, the more agency the population had in
negotiations for their own purposes (Demarrais and Earle 2017). The greater reliance rulers had
on labor by the local population, the more bargaining power people held. Additionally,
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refocusing the attention to nonelite agency, or “universal agency,” also allows researchers to
understand why the populace engages in cooperation or not, resistance and rebellion, and the
acceptance or rejection of state ideology (Blanton and Fargher 2007; Demarrais and Earle 2017).
Demarrais and Earle (2017) specifically call for a synthesis of political economy approaches
with collective action theory. In this case, they argue that combining the approach of how
competitive power relations are structured with the agency of the local laborers provides the
most nuanced and multi-scalar understanding of complex societies. Below I outline how this
framework is useful for understanding the complexities of the Nueve Cerros economy.
Research at Nueve Cerros has shown clear evidence that the laborers were heavily
depended on by the elites throughout its history. Salt was a fundamental economic resource at
Nueve Cerros, and defined the economy, politics, and geography of the site. The production and
exchange of salt was conducted at a massive scale and controlled by the elites. The salt
production zone is also adjacent to the epicenter, with both of these locations approximately 4.5
kilometers away from the greater Tierra Blanca area. As I mentioned in Chapter 3, the elites
were associating themselves with salt production symbolically, with the local populace
producing the salt primarily residing in Tierra Blanca. The control of salt production was the
elite’s primary investment in economic control. Investment in salt production also allowed
derivative industries to rise including salted and dried fish and meat, and leatherworking.
Currently, there is no evidence that elites were coercive in the process of the derived products.
Non-elite household archaeology has suggested that elites were not heavily invested in the
distribution of important resources for laborers and the local populace. Locals had access to all
geographic sources of obsidian available to them, whether they came from highland Guatemala
or Mexico. In addition to obsidian, they had access to imported ceramic goods from the
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highlands and lowlands, both ritual and domestic in nature. The political economy of Nueve
Cerros was fundamentally grounded in the elite control of salt production throughout its nearly
2,000 occupational history, but its derivative industries and the quotidian economy was largely
organized communally in the Nueve Cerros neighborhoods.
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Chapter 9: Discussion
The survival of Nueve Cerros as a city required long-term investments in landscape,
economic production, and interregional interactions, and this was especially necessary for its
laborer communities. In this dissertation, I focused on the landscape and residential community
of the large Nueve Cerros center and contextualized it within major areas of Maya research,
including land-use management, social complexity and organization of the Classic Maya,
exchange and interregional interaction, and sustainability and adaptability of communities. My
data point to two major theoretical perspectives, landesque capital and cooperation, which
focuses on human-environmental relationships and social organizing principles between
individuals, elites and nonelites, and long-distance interactions.

9.1 Water and Landscape
Water, and in particular potable water, is the most basic, essential, and common-pool
resource for human survival. I echo the argument by previous Maya scholars on how water
procurement for both potability and agriculture was the ultimate consideration in land-use
practices, settlement locations, and mound construction. In contrast with many of the major
Maya cities, groundwater wells were the primary constructed features used by Nueve Cerros
locals to create and sustain their agroforestry system. The excavation data, geospatial data, and
partially the ceramic data, all point towards the use of groundwater wells for pot irrigation in
forest gardening practices.
Excavations clearly showed that the depressions seen in the Tierra Blanca area were
meant for mound construction materials, and a secondary but more important construction of
groundwater wells. Stratigraphically, there are no earthen clay or stone lining in the depressions
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that would indicate that they were used as rain-fed reservoirs. Instead, soils are endosaturated
with reticulate mottling and large iron-manganese concretions, all representing a historically wet
landscape. These wells are very difficult to date, with their central excavations mostly consisting
of colluvial, slope wash deposits after abandonment. With proper maintenance, these wells
could have been reused for centuries, and as palimpsest landscape features, evidence of
continuous usage is very difficult to assess. However, the surrounding mounds are fairly securely
dated, suggesting occupation of this area dates from the Late Preclassic to the Late Classic
periods.
In Chapter 6, I show how water was protected and properly procured through careful
mound construction and well placement. My GIS flow accumulation analyses showed that
mounds had no effect on the flow of water. Depressions, on the other hand, were placed in major
areas of water flow and saturation. These data lead me to reach the following conclusions: 1)
Water was protected, sacred, and crucial in settlement decision making, 2) Nueve Cerros
residents were acutely aware of the subtle topographic changes, as well as the hydrogeology of
the region; and 3) control of natural resources was conducted at the community-level, with no
evidence of centralized or hierarchical control from the Epicenter elites. Additionally, I also
propose that these depressions would have been fed through rainwater during the peak of the
rainy season, to maximize their function as water holding tanks.
The methods of water procurement by the Nueve Cerros populace speaks to the overall
heterogeneity of the Maya lowland environment (Fedick 1996; Gomez-Pompa 2003). The
diversity of water management strategies at different Maya sites represents the environmental
challenges and opportunities inhabitants were faced with. These strategies and organizing
principles for water procurement and management were based on the political, social, and
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economic structures of the society. In karstic settings with limestone bedrock or paralithic
material, a system of rain-fed reservoirs and tanks were much more common. Access to
groundwater in this case is either too difficult, or the quarrying of stone for lining reservoirs is
preferred. Maya archaeologists studying karstic environments have recovered gypsum
precipitates, an indicator of drought and sulfur-laden groundwater (Gunn et al. 2002; Beach et al.
2008; Brenner et al. 2002; Marken et al. 2019). Water containing gypsum and other salts is not
suitable for drinking or irrigation (Dunning et al. 1998; Gunn 2002; Jacob 1995; LuzzadderBeach 2000). For these reasons, blocking groundwater flow into tanks and reservoirs was a
crucial engineering task for many Ancient Maya cities (cite the Yaxuna reports). At Nueve
Cerros, there is no evidence of gypsum crystals in the depression soils. Again, this suggests that
long-term droughts were not as prevalent in this region, and groundwater was, and still is, more
potable than in other regions of the Maya lowlands.
The paleoecological study by Avendaño (2012) suggests that there were no major
droughts or changes in forest or crop management in the Lachua region (5km from Nueve
Cerros) from the Late Preclassic to the Late Classic, with slow accretional changes in forest
composition by the end of the Postclassic. His argument for long-term sustainable forest garden
management in the hinterlands of Nueve Cerros can be applied to the central architectural groups
as well. Maya ethnic groups today, when the opportunity is present, conduct long-term
sustainable forest management (Ford and Nigh 2016). This was the case for Maya commoners in
the past as well. Future paleoecological analyses from collected sediment cores in the Tierra
Blanca area will help determine conclusively if land use was similar to that seen in the
hinterlands (but see Appendix D for preliminary results on the paleoethnobotany of Tierra
Blanca).
183

With groundwater easily accessible for the Nueve Cerros laborers, involvement of elite
control for a centralized water system was not necessary. This study adds to the growing
literature on water management studies at many major Maya cities. In particular, the data
presented in this study adds to the recent interpretations of how many Maya communities and
neighborhoods were able to control, modify, and extract water for their own purposes, as
opposed to the tightly controlled water systems of elite, epicentral locations(Marken et al. 2019;
Chase 2016).
Landscape features can be viewed as palimpsests, which can make its chronometric
dating and interpretations difficult for archaeologists to research. This can create multiple
interpretations, and Walker (2018) suggests that clear and specific analogies can resolve some of
these issues. As exemplified in my ethnoarchaeological study outlined in Chapter 4, I agree with
Walker’s viewpoint. For Q’eqchi’ farmers living in the Northern Transversal Strip, groundwater
access is currently a significantly more important source of obtaining clean water than are tanks
or reservoirs. Additionally, pot irrigation is the most likely form of crop irrigation in the ancient
agroforestry system maintained by Nueve Cerros commoners. Pot irrigation consists of using
water jars to water crops or managed fields. This simple technique can be made easier with
nearby and readily available water, in this case, access to aquifers within the fields. Though
seldomly argued in the Maya lowlands, Flannery et al. (1967) has ethnographically observed this
practice in Oaxaca, Mexico. Using this system, farmers create small, highly productive gardens.
This Oaxaca team also discovered an ancient well along an alluvial floodplain, near Mitla,
Oaxaca. These practices would have been similar for the Nueve Cerros inhabitants, who resided
along the alluvial floodplain of the Chixoy River.
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9.2 Cooperation and Participation
The settlement and landesque capital strategies, along with the artifact evidence, suggest
organizing principals based on collective action. With the Nueve Cerros elites dependent on
laborers for salt production, the populace held bargaining power for common-pool goods. Exotic
goods, in this case obsidian and highland ceramics, were not tightly controlled, with locals
having access to all geographic sources of obsidian available to them. With the political
economy fundamentally grounded in rulers controlling salt production throughout its 2,000-year
history, the derivative industries of household economies were organized communally in the
Tierra Blanca neighborhoods.
This dissertation focused on the non-elite, commoner, laborer population at Nueve Cerros
as major influencers of local and regional landscape management and economic integration.
Lohse and Valdez Jr. (2004: 3) recognized the need to put Maya commoner studies at the
forefront of understanding economic production, agricultural intensification, individual agency,
participation in shared religious belief, and ultimately, affecting major historical changes. Lohse
and Valdez Jr. note that a single theoretical perspective is not enough to fully unpack how
commoners and communities participated in social institutions. The data I recovered at Nueve
Ceros speaks primarily towards a landesque capital understanding of human-environmental
relationships and cooperation of laborers with local elites. In this concluding chapter, I will
briefly put forward the anthropological concept of participation to suggest how we may elucidate
the role of commoners in interregional interactions.
The broad influences that northern Mesoamerican cultures and Maya lowland and
highland societies have had on each other are well documented at many sites. The exchange of
goods, art, urban planning and landscape practices, and ultimately ideas are made possible by the
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participation of diverse cultural, ethnolinguistic groups across the region (Coggins 1980; Freidel
and Reilly 2010; Golitko et al. 2012; Hammond 1972; Inomata et al. 2013). I borrow the
concepts of participation that have proven useful in understanding Central and Inner Asia
relationships between mobile pastoralists and urban agriculturalists (Frachetti 2012; Frachetti
and Bullion 2018; Frachetti et al. 2018). By participation, I am referring to the ways individuals
and communities engage with each other to reinforce relationships through acceptable trends and
norms (sensu Frachetti et al. 2018). Successful and legitimate participation requires an
understanding of the materials, rules, expectations, and social identities associated with an
institutional domain. Deviation from these participatory behaviors can affect relationships
between different individuals and groups in an either positive or negative manner. Looking at
this through a long-term lens, the rules of participation become understood differently by each
group, which makes legitimate practices vary throughout a region. These cross-cultural, longdistance, and interregional interactions can be thought of as global assimilation of Mesoamerican
institutional domains. Ancient globalization in this sense refers to the processes by which goods
and ideas are transferred, shared, and interpreted across increasingly larger spatial scales,
creating wide-scale institutional domains, and not necessarily fully worldwide interactions
(Frachetti and Bullion 2018). The nature of these institutions across Mesoamerica requires an
understanding of the modes of participation and participatory behavior.
What modes of globalized participation were the Nueve Cerros inhabitants engaged in?
There are quite a few things that we can say at the site scale. The economic power of Nueve
Cerros was large enough to sustain trade relationships between both highland and lowland Maya
cultures throughout time. This is clearly evident through the obsidian and ceramic imports, as
well as the pottery and figurine styles seen across the site. Cosmologically, Nueve Cerros was
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clearly engaged in pan-Maya (highland and lowland) ritual expressions related to caves,
mountains, rivers, and lakes. Living along natural features that Classic Maya polities elsewhere
have culturally constructed as pyramids, reservoirs, and cenotes, Nueve Cerros communities and
leaders did not need to invest in such monumentality efforts to support the long-established
institutional domains as they related to cosmologically significant ritual practices. Instead, the
‘natural’ landscape itself evoked power and were significant in pilgrimages and settlement to the
region.
What does this mean for the commoner population? How did their participation in these
institutions affect the transmission of knowledge and ideas across different cultures? How does
social legitimacy play out among the laborer population compared to laborers elsewhere in
Mesoamerica? Fully answering these questions deserve their own specific studies, but here are a
few of my suggestions to guide future research. Maya elites at many major cities undoubtedly
used water control to exert political power over the local population. Increasingly, Maya
researchers are discovering that among many commoner populations, more ‘decentralized’ and
cooperative, community-based water management strategies were more common than previously
thought. Social organization of commoner populations may have been a lot more similar to each
other than previously thought, with the ability of communities to negotiate with local rulers on
ownership and agency over their landscape. While being able to exert control over their
landscape, commoners also had access to long distance and exotic goods. The next necessary
step would be to investigate similarities and differences in commoner participation across the
Maya lowlands. Considering how research on ancient rural wells in the transversal has only been
conducted at Nueve Cerros, my next goal is to investigate the use of groundwater elsewhere in
the ancient transversal, and its relationship with social organization.
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9.3 Towards a Decolonial Archaeological Framework
Lastly, I want to emphasize the importance of community-oriented research and
decolonial methodologies in Maya archaeology. Most international projects in Guatemala and
Mexico are conducted through the labor of specific indigenous Maya groups. Indigenous
communities often have a deep-rooted special interest in the protection of ancestral heritage.
However, more often than not, in the context of Maya archaeological excavations and research,
the hired laborers have more pressing issues within their communities, especially related to
community development and infrastructural needs. In this dissertation, I have pushed forward the
notion that archaeological data can be used by local communities for their own research, and
their own purposes.
Broadening from decolonial concepts, the research presented here borrows from the
postcolonial critique in academic studies. The postcolonial critique pushes for new ways to give
a voice to the subaltern, while also challenging the colonial discourse on colonized peoples that
have created a representation of the “Other” (Said 1978; Spivak 1988). In archaeological terms,
this means pushing for an ethical archaeology, through collaboration with indigenous
communities to conduct research for them, and with them. With this in mind, I have strived to
conduct archaeological research to deconstruct colonial discourse on the indigenous past. My
research adds to postcolonial approaches in archaeology, which have focused on deconstructing
colonial discourse of the indigenous past and how to move archaeological methods forward
accordingly (Liebmann and Rizvi 2008). I have done so through de-centering standard
archaeological practice, with indigenous communities holding the power to determine what is
excavated, and how archaeological knowledge reflects their own methods of cultural resource
management (sensu Atalay 2006). Looking beyond heritage, the scientific data I’ve collected has
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been used by Q’eqchi’ farmers creatively to develop their own water collection systems and
infrastructure building project. Moving forward, foreign archaeologists working in the Maya
region, with indigenous communities, or on ancestral lands planning on conducting research in
the lowlands should begin with a consideration of how data collected from scientific
investigation can directly benefit the local populations, making archaeological research truly
valuable to the non-academic world.
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Appendix A: Photogrammetry Collection and
Processing
A.1 Drone Flight Summary
As mentioned in Chapter 6, a DJI Inspire 2 drone with a Zenmuse X5S camera was used
to conduct all of the photogrammetry flights between 2018-2019. The Zenmuse X5S camera
takes 4K videos and photograph resolution at 20.8 megapixels. The flight plan was conducted
through Map Pilot by Maps Made Easy. Map Pilot is an iOS application used to assist drone
flights with creating photogrammetric maps through automated flight routes. Using this
application, I set the necessary parameters for proper photogrammetry processing. Images had a
75% overlap along the flight routes, and 75% overlap across the routes. A max speed of 10
meters per second was set to minimize motion blur from the photographs. The drone was flown
at an altitude of 120 meters.

A.2 Photogrammetry Processing
After collecting the photographs, they were then processed in Agisoft Metashape.
Metashape, formerly known as Photoscan, is a photogrammetric processing software that enables
photographs to be transformed into 3D spatial data to be used in GIS applications (ArcGIS). All
processes were run under “High” accuracy or quality. This resulted in surface models that better
represented the physical topography, with a final DEM with a cell size of 6 cm. As a comparison,
when run at the “lowest” accuracy and quality, the cell size of the final DEM is 26cm. In Chapter
6, I briefly explained how Metashape processes images into maps. Below I describe step-by-step
the workflow necessary to create topographically accurate DEMs of Nueve Cerros.
Metashape Workflow
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1) Align Photos: Once the photographs are loaded into the Metashape software, the first step
is to align photos, by finding the camera position and orientation for each photograph.
Once this is done, the photographs are oriented correctly in space, and a sparse point
cloud is created. A sparse cloud is used to find out which image pairs overlap and have
sufficient tie points, in which Metashape recognizes the same feature in multiple
photographs. After user inspection of the alignment, specific photographs can be realigned if they were positioned incorrectly. For this project, the photographs were aligned
using “High” accuracy.
2) Optimize Alignment: This step further improves the estimates of camera parameters,
including aspect, skew, and distortion. In this step, I made sure to select the adaptive
camera model fitting, which further helps prevent the divergence of parameters during
alignment.
3) Build Dense Cloud: This process creates a point cloud based on the estimated camera
positions, while adding depth information from each camera to be combined. This project
selected a “high” quality dense point cloud. Aggressive depth filtering was selected to
remove features with low geometry or outliers that would not accurately represent the
topography.
4) Build DEM: Using the dense point cloud, a digital elevation model (DEM) was
generated. An extrapolated interpolation was selected to generate a hole-less model with
elevation extrapolated to the edges. This DEM is the primary dataset used for interpreting
the Nueve Cerros landscape.
5) Build Orthomosaic: This final step builds an orthomosaic image. An orthomosaic is a
photogrammetrically orthorectified image from a mosaic of all images taken. Basically, a
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single high-resolution photograph of all combined photographs. This was not used in the
hydrological modelling, but was necessary for determining modern vs ancient structures,
and for visual inspection of ground surface vs. tree canopy.

A.3 Volumetric Calculations
Once the DEM is generated, volumetric calculation of features can be conducted.
Features were drawn using the Draw Polygons tool. The selected polygon outputs volume
measurement above or below the best fit plane. The accuracy of the measurement can also be
assessed with a polyline measurement, to make sure the profile of the selected polygon matches
the physical feature as shown in Figure A.1.

Figure A.1: DEM with polygons and lines used to make measurements- a) DEM with a mound (left) and
depression (right) outlined for volume and profile measurements, b) profile of selected mound, c) profile of
selected depression.
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Optional Steps
Building a mesh, texture, and tiled models are all part of the Metashape workflow, but
was not necessary for building a DEM, thus they were not necessary for the project. The textured
mesh created is usually preferred over a dense point cloud when creating the DEM, when the
photographs are not 100% aligned. All cameras were aligned for Tierra Blanca, so the DEM
generated from a dense point cloud had a much better resolution. To further improve alignment,
classifying ground points are also often used. Ground points are user selected points of features
that appear in multiple photographs, that allow for further refinement of photograph alignment.
Once again, this was not necessary with 100% photo alignment of the Tierra Blanca DEM.
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Appendix B: GIS Modelling Methods and
Model Steps
B.1 Flow Accumulation Processing
After processing the raw drone images in Agisoft Photoscan/Metashape, GIS analyses for
this dissertation was conducted primarily with ArcGIS 10.6, with only the Downslope Index
modeling conducted through Whitebox GAT. For the Flow accumulation models, I used the
Spatial Analyst and ArcHydro toolsets in ArcGIS. The Spatial Analyst toolset is a standard set of
tools available within ArcMap. ArcHydro is a toolset and modeling system meant for water
resource applications, that must be downloaded as an add-on from ESRI’s website. This add-on
is free for users with ArcGIS. The components of ArcHydro are meant to create databases and
models that are hydrologically correct with metadata that is replicable, transferable, and
essentially standardized so differing parties can understand the data. Along with the tools and
models, ESRI produced documentation for best practices on using their tools, and the steps users
should take. In particular, the “Terrain Preprocessing Workflows” describes the essential steps
researchers should take to process their data, from the initial DEM to finalized watershed and
streams vector features (ESRI 2019). The document describes which workflow the user should
use depending on their data and previous knowledge of the topography and physical geography.
Within the Terrain Preprocessing Workflows document, I used workflow #9, which is the
recommended workflow for processing DEMs with known dendritic streams. However, this was
combined with some steps from workflow #8 to model potential areas of water flow, or streams
from flow accumulation. Certain steps, or tools, were also skipped and were not relevant to my
hydrological model. For example, the ‘catchment’ tools are used for delineating the contributing
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area (m2) of stream flows but is not necessary for my analytical purposes, nor does it affect the
results of the stream network. Below I describe each step in creating the finalized flow
accumulation models of the Tierra Blanca residential zone and can be seen graphically in Figure
B.1.

B.1.1 Flow Accumulation Steps
1) Create Drainage Line Structures- This is the first step in the flow accumulation model,
that is used to create feature classes and raster images with proper metadata.
•

Inputs- Two data are inputted in this step: The original DEM produced from the
photogrammetry processing, and the line (feature class) file of know streams. The
stream file must have a column called Hydro ID before conducting this process.

•

Outputs: Four data are outputted, but only two are important here: A stream raster
that contains flow direction values, in which a numerical value is assigned
representing the direction water is flowing towards; and a rasterized version of the
stream line with proper metadata.

2) Fill Sinks- This tool identifies all areas of internal drainage within the raw DEM. This
step is necessary for making sure flow lines still navigate through features such as
sinkholes, lakes, and depressions. Many depressions are located within the Tierra Blanca
DEM, so it was necessary to make sure if flow lines reach the depressions, they are also
able to flow through them as well.
•

Input- Raw DEM

•

Output- DEM with Filled Sinks

3) DEM Reconditioning using Stream Grid- Modifies the DEM with filled sinks by
“burning” in streams from the stream raster produced in step 1. This tool drops the
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elevation values of the streams within the DEM, enough to make it topographically
unrealistic. However, this forces the flow direction and flow accumulation tools to adhere
to the known streams in the DEM, especially if they are not very clearly visible. This
method is also called the AGREE method (Hellweger 1997).
•

Input- Two rasters are inputted in this step: DEM with filled sinks and the stream
raster.

•

Output- DEM now labeled as the AGREE DEM

4) Flow Direction- This tool creates a raster representing flow direction from each cell to its
downslope neighbor, or neighbors. The value of each cell is a numeric code represent
where water would flow down from that cell.
•

Input- AGREE DEM

•

Output- A Flow Direction raster

5) Adjust Flow Direction in Streams- This tool mosaics the stream flow direction raster
from Step 1, and the Flow Direction raster from step 4. Similar to burning streams in step
3, this tool is used to force accurate flow direction from known streams
•

Input- Two rasters are inputted in this step: Flow Direction raster and the stream
flow direction raster

•

Output- Adjusted Flow Direction Raster

6) Flow Accumulation- This tool creates a raster of accumulated water flow into each cell.
The numeric values of each cell represent the amount of water flowing into that cell. To
make this visually viable, and to represent real water flow, the symbology should be
changed to reflect standard deviation.
•

Input- Adjusted Flow Direction Raster
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•

Output-Flow Accumulation Raster

Workflow steps from 1-6 are the essential modeling steps for the final flow accumulation model.
The following steps are for proper visualization, and for making the data smaller and easier to
display and transfer as files. These steps are important when thinking about the push for openaccess digital data.
7) Stream Definition- Uses the Flow Accumulation raster to create a stream grid, with each
cell containing a numeric value of either 0 or 1, 0 representing no stream, and 1
representing a stream cell. Since this uses the flow accumulation raster, in which nearly
every cell has a value above 1, then the user must define how many accumulated flows
within a cell is used to define a stream. Once again, my results have indicated that the
most accurate flow occurs at one standard deviation of the accumulation results.
•

Input- Flow Accumulation Raster

•

Output- Stream Raster with only 0 and 1 values, 1 representing a cell where water
flows.

8) Stream Order- Creates another stream raster, with numeric values representing order
levels of each stream for identifying tributaries. We used the Strahler method (1957) in
which all links start with a stream order of one. When links of the same order join
upstream, they increase in their numeric stream order. This tool is conducted to identify
major vs minor streams.
•

Input- Two rasters are inputted: Stream raster and the adjusted flow direction
raster

•

Output- Stream Order Raster
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9) Stream to Feature- Creates the finalized feature class file of the stream network. This line
feature class is less heavy than raster datasets, and easier to display and edit for
researchers.
•

Input- Two rasters are inputted: Stream Order raster and the adjusted flow
direction raster.

•

Output- Stream network feature class.

Figure B.1: Flow Accumulation Model workflow built in ModelBuilder. The number corresponds to the steps
above, as well as each tool used.

B.2 Topographic Indices Processing
The topographic indices are common geospatial analyses for visually displaying evidence
of water saturation based on flow accumulation and topography. The indices used for this
dissertation are the Topographic Convergence Index (TCI) and the Downslope Index. The TCI
displaces saturation based on similar cell values that will retain water around the same time
(Beven and Kirby 1979). Cells with higher values will retain water longer before cells with lower
values. Presumably, aggregates of cells will have similar values, showing evidence of entire
areas with high and low water saturation. The TCI formula is as follows: TCI= ln(α/tanβ), where
α= the upslope contributing area, or flow accumulation, and β= radial slope. The Downslope
Index is a measure of the slope gradient between a cell and a specified downslope location that
represents a specified vertical drop (i.e. a potential head drop). Using a user-inputted distance
value, or “d”, the output cells represents the downslope flowpath length required to drop “d”
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meters from each cell. The Downslope Index was created as a response to inaccuracies from the
TCI, in particularly local drainage by downslope topography, and soil transmissivity (Hjerdt et
al. 2004). The Downslope Index formula is as follows: tanαd=d/Ld, in which Ld = the horizontal
distance to the point with an elevation of d meters below the elevation of the starting cell
following the steepest-direction flow path, αd= the angle between the starting point and this
specified point (ibid: 2). d is a user inputted subjective value (meters), usually ranging between 1
and 15.
The TCI was conducted using ArcGIS Spatial Analyst toolsets, along with another flow
accumulation model. This flow accumulation process was repeated, since the finalized version is
not on assessing flowlines. Thus, no burning streams in rasters was necessary for this model. The
Downslope Index proved very difficult to conduct and display in ArcGIS, so Whitebox GAT was
used for this index. Whitebox Geospatial Analysis Tools (GAT) in an open-access GIS program
primarily designed for environmental research and the geomatics industry (Lindsay 2016). The
hydrology toolset within Whitebox GAT contains tools specifically for the Downslope Index.
Below I outline the steps for both the TCI and Downslope Index and a graphical output can be
seen in Figure B.2.

B.2.1 TCI modeling steps
1) Using the raw DEM developed after the drone image processing, a Slope raster was
created that defines the slope of each cell based its elevation and the elevation of the
surrounding cells.
•

Input- raw DEM: Measured in degrees and aspect calculated on a planar surface.

•

Output- Slope Raster
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2) The Slope raster needs to be converted into radian slope, for angular measurement of
distance. This calculation is simply π/degrees, conducted with the Map Algebra- Raster
Calculator tool.
•

Input Equation: "Slope Raster" * 0.01745. This numeric value is used as pi/180.

•

Output: Radian Slope

3) A flow direction raster was created so a flow accumulation raster can be created
afterwards.
•

Input- Raw DEM

•

Output- Flow Direction Raster

4) A flow accumulation raster was created, with no edits on burning streams or
reclassifications.
•

Input- Flow Direction raster

•

Output- Flow accumulation raster

5) The final step is to create the TCI using Raster Calculator- Map Algebra tool
•

Input- The following formula was inputted: Ln("Flow Accumulation" /
Tan("Radian Slope"))

•

Output- TCI Raster

Figure B.2: Topographic Convergence Index workflow built in ModelBuilder. The number corresponds to
the steps above, as well as each tool used.
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B.2.2 Downslope Index Modeling Steps
1) A flow direction raster was created using the “D8 Flow Pointer” tool in Whitebox GAT.
Flow direction was once again created to keep the entire model consistent within
Whitebox GAT.
•

Input- Raw DEM

•

Output- Flow Direction raster.

2) The next and final step is creating the downslope index through the Downslope Index
tool in Whitebox GAT.
•

Input- Two rasters were inputted: the flow accumulation raster and the raw DEM.
In addition, the d value was 1, and the distance output type was selected.

•

Output- Downslope Index raster
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Appendix C: Abbreviated Obsidian Catalog for the Tierra
Blanca Residential Group
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Site

Operation

Subop

Unit

Lot

Context

SNC

63

A

1

4

Depression

SNC

63

A

2

1

Depression

SNC

63

A

2

1

Depression

SNC

63

A

2

1

Depression

SNC

63

A

2

4

Depression

SNC

63

A

3

1

Depression

SNC

63

A

3

4

Depression

SNC

63

A

4

1

Depression

SNC

63

A

4

1

Depression

SNC

63

B

2

1

Mound

SNC

63

B

2

1

Mound

SNC

63

B

2

1

Mound

SNC

63

B

2

1

Mound

SNC

63

B

2

1

Mound

SNC

63

B

2

2

Mound

SNC

63

B

2

2

Mound

SNC

63

B

2

2

Mound

SNC

63

B

2

3

Mound

SNC

63

B

2

4

Mound

SNC

63

B

2

4

Mound

SNC

63

B

2

4

Mound

Time
Period
Late
Classic
Late
Classic
Late
Classic
Late
Classic
Early
Classic
Late
Classic
Late
Classic
Late
Classic
Late
Classic
Late
Classic
Late
Classic
Late
Classic
Late
Classic
Late
Classic
Late
Classic
Late
Classic
Late
Classic
Late
Classic
Late
Classic
Late
Classic
Late

Length
(mm)
26.6

Width
(mm)
23.2

Thickness
(mm)
8

Weight
(g)
4.7

Source

Description

Part

SMJ

Shattered Flake

C

XRF
#
1

26.9

11.1

3.8

1.3

CHY

3rd Series Blade

M

4

24.5

13.3

3

1.2

SMJ

3rd Series Blade

M

2

34

27.6

10

6.8

SMJ

BP

C

3

57.8

47.1

10.8

26

SMJ

Macro Flake

P

5

37.4

23.4

4.8

4.2

CHY

3rd Series Blade

P

6

29.5

9.4

3.3

1.1

CHY

Percussion Flake

C

7

16.1

9.3

2

0.4

CHY

3rd Series Blade

M

8

19.2

12

3.3

0.9

CHY

3rd Series Blade

P

9

24.7

10.3

2.9

0.7

CHY

3rd Series Blade

M

10

27.4

14.6

3.7

1.7

CHY

Pressure Flake

NC

13

12

9

2.9

0.3

SMJ

3rd Series Blade

LAT

12

27.6

13.3

4.7

1.7

SMJ

3rd Series Blade

NP

14

18.7

14.5

3.2

0.9

SMJ

3rd Series Blade

P

11

21.5

12.3

3.2

0.8

CHY

3rd Series Blade

P

15

23.7

9.1

3.2

0.7

CHY

3rd Series Blade

P

16

21.6

17.1

4.3

1.3

CHY

3rd Series Blade

P

17

18.3

13.4

3.3

1

CHY

3rd Series Blade

M

18

11.5

10.1

2

0.3

CHY

3rd Series Blade

M

19

25.6

11.8

3.4

1.1

CHY

3rd Series Blade

M

21

10.8

9.8

1.3

0.1

CHY

3rd Series Blade

M

22
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Classic
SNC

63

B

2

4

Mound

SNC

63

B

2

4

Mound

SNC

63

B

2

5

Mound

SNC

63

B

2

5

Mound

SNC

63

B

3

2

Mound

SNC

63

B

3

2

Mound

SNC

63

B

3

3

Mound

SNC

63

B

4

4

Mound

SNC

63

B

4

4

Mound

SNC

63

B

4

4

Mound

SNC

63

B

4

4

Mound

SNC

63

B

4

5

Mound

SNC

63

C

1
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Appendix D: Paleoethnobotanical Analysis
from Salinas de los Nueve Cerros,
Guatemala: A Preliminary Report
Clarissa Cagnato
UMR 8096 Archeologie des Ameriques MSH Mondes
21, allée de l’Université, F-92023, Nanterre Cedex France
ccagnato@wustl.edu
In 2019, 18 flotation samples taken by Alex Rivas (Washington University in St. Louis)
were received for paleoethnobotanical analysis. Only light fractions were received, and these were
weighed before being sifted through nested geological sieves; 2.00, 1.00, 0.425, and 0.355 mm. Using a
stereoscopic microscope (10-40x), carbonized plant materials were sorted in their entirety down to the
0.70 mm sieve size. Below 0.70 mm, carbonized seeds were removed and counted. In the 2.00 mm
sieve size, all the materials were sorted (including uncarbonized materials). Select plant remains were
photographed.
Wood analysis was not systematic: only larger fragments (above 2 mm) were considered. Photos
of select fragments were also taken. This analysis is ongoing.
Next, I present the results and provide a brief discussion.

D.1 Results
I have divided the results as initially provided by Alex Rivas in the proposal submitted to
IDAEH. The general data is presented in Table D.1, while the seed data is in Table D.2.

63A: A large depression, possibly a pond.
Sample 63A-5-3 had 5 half-carbonized wood fragments (above 2 mm) for a total weight of 0.18
g. Besides one ½ carbonized wood fragments, only uncarbonized Panicum sp. spikelets were
recovered in sample 64A-2-2, for a total of 0.09 g.
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63B: Taken from a mound located north of 63A.
Out of the three samples, 63B-4-3 contained the most carbonized wood (nearly 29 g). In terms
of seeds, it contained 21 pokeweed (Phytolacca sp., Figure D1-A) seeds, all uncarbonized. Moreover,
four unidentified seed fragments were recovered, only 2 were carbonized. The other two samples,
taken from the same lot, contained some carbonized wood, unidentified starchy material (including
what is probably modern fungus), and a carbonized monocot stem.

64A: This is the largest mound within the group.
Six samples were analyzed for this context. All contained carbonized wood, albeit in different
quantities. Only the samples from sample 64A-1-7 had evidence of maize however, (2 kernel
fragments), as well as starchy material, and 2 zapote seed fragments (Figure D1-B). The sample from
64A-1-6 had 3 Spilanthes sp. achenes (Figure D1-C), along with an uncarbonized Poaceae seed that
could not be identified further.

64C: A depression, possibly a quarry to build the mounds.
Seven samples were analyzed, with 64C-3-2 containing the most carbonized wood. The rest
contained very little amounts. 64C-4-4 was the only sample to contain a maize cupule, unidentified
starchy material, and monocot stem fragments. In addition, it also had 4 Spilanthes achenes and 1 seed
fragment. 64C-4-5 had a seed fragment above 2 mm, and a small ½ carbonized floret or flower.
64C-4-6 had two elderberry (Sambucus sp.) seeds, both uncarbonized (Figure D1-D).
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A

B

C

D

Figure D. 1. Plant remains from Salinas de los Nueve Cerros. A) Uncarbonized pokeweed seed; B)
carbonized zapote seed fragment; C) Spilanthes achene; D) uncarbonized elderberry seed. All photos by
C. Cagnato.

Above 2 mm

Context

Sample type

Sample #

Carbonized
Wood

weight (g)

Maize cupule weight (g)

Maize kernel
weight (g)
fragment

Below 2 mm

Seed
fragment

Unid starchy Monocot stem Rocks

Seeds > 2

63A-2-2

LF

1 of 1

1*

0.01

63A-5-3

LF

1 of 1

5*

0.18

63B-2-4

LF

1 of 2

63B-2-4

LF

2 of 2

63B-4-3

LF

1 of 1

64A-1-6

LF

1 of 3

9

0.17

64A-1-6

LF

2 of 3

19

0.38

2

0

64A-1-6

LF

3 of 3

9

0.17

2

0

64A-1-7

LF

1 of 2

17

0.13

1

0.01

1

64A-1-7

LF

2 of 2

13

0.05

1

0.01

0

64A-1-8

LF

1 of 1

36

0.38

64C-3-2

LF

1 of 1

64C-4-4

LF

1 of 2

5

0.07

64C-4-4

LF

2 of 2

2

0.02

64C-4-5

LF

1 of 2

6

0.05

64C-4-5

LF

2 of 2

4

0.05

1

Uncarb
material (g)

Maize (g)

Monocot stem Unid starchy Seeds/fragment Floret/spikelet

0.09

1

0

0.07

0.04

1

0

0.01

0.07

2

0

0.1

28.95

1

0

0

1

6

yes

0.16

yes

0.1

0.01

1

0

0

1

0.01

1

1

1

2

0

0.32

0

0.1

0

0
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yes

0.22

yes

1*

64C-4-6

LF

1 of 2

4

0.02

0

0.3

64C-4-6

LF

2 of 2

1

0.01

0

0.2

yes

* Half-carbonized

Table D.1. General paleoethnobotanical data

Context

Sample type Sample #

63A-2-2

LF

1 of 1

63A-5-3

LF

1 of 1

63B-2-4

LF

1 of 2

63B-2-4

LF

2 of 2

63B-4-3

LF

1 of 1

64A-1-6

LF

1 of 3

64A-1-6

LF

2 of 3

64A-1-6

LF

3 of 3

64A-1-7

LF

1 of 2

64A-1-7

LF

2 of 2

64A-1-8

LF

1 of 1

64C-3-2

LF

1 of 1

64C-4-4

LF

1 of 2

64C-4-4

LF

2 of 2

64C-4-5

LF

1 of 2

64C-4-5

LF

2 of 2

64C-4-6

LF

1 of 2

64C-4-6

LF

2 of 2

Zapote
Elderberry
cf. Spilanthes Poaceae
(Pouteria sp.)
(Sambucus sp.)
sp.
family seed
seed

Panicum sp.
Floret/spikelet
spikelet

Pokeweed
(Phytolacca
sp.)

Unidentified Total

Seed fragment

many*

21*

3

1*

2(2*)

25

4

2

1

4

4

1

1
1

1*

1

1

* uncarboniz ed

Table D.2. Seeds found in the flotation samples from SNC

D.2 Discussion
It was not possible to determine the density of plant remains, given that the initial soil volume
was not provided. However, given the relatively few plant remains recovered, densities may not
provide much additional information.
Overall, the samples analyzed were poor in plant remains. Uncarbonized plant remains were more
common, however, it is unlikely for these to be ancient, but this needs to be assessed based on the
context. For example, sample 63B-4-3 revealed the presence of numerous uncarbonized pokeweed
seeds. These were found in a context where a large amount of carbonized wood was also found, perhaps
these are ancient and are part of the original fill of the mound. There are currently several species of
pokeweed in Guatemala (e.g., P. icosandra, P. rivinoides), the former used to wash clothes but also as
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a dye, while the latter used for its young shoots, which are cooked before being consumed (Standley and
Steyermark 1946). Elderberry is also a useful plant that produced berries that can be consumed. However,
it is unclear whether these seeds are in fact ancient, given that they are uncarbonized. Found in a
sediment at 100-120 cm below ground, it must be determined whether they could have infiltrated
from the surface. Elderberry has been seldom reported in the Maya area, one exception is at the royal
palace at La Corona (Cagnato 2018).
Sample 64A-1-7 contained the most variety of plant remains, with maize, zapote, and
unidentified starchy remains. Evidence of zapote fruit has been found at numerous sites across the
Maya lowlands, including Colha, Cuello, Cerros, La Corona, and Copan (Cagnato 2016; Caldwell 1980;
Cliff and Crane 1989; Lentz 1991). The fruit is highly valued by modern Maya (McKillop 1994), who
make tejate, a mixture of maize and cacao drink with ground-up seeds of zapote (Stross 2011).
Achenes of Spilanthes, a genus within the Asteraceae family, have been reported from various sites in
the Maya lowlands, including La Corona, El Peru-Waka’, and Ceren (Cagnato 2016). These plants,
widely distributed from Mexico and into Central America, are found in wet environments and are
used for medicinal purposes (Lentz and Dickau 2005:250).
While the overall data recovered do not provide much information concerning the function of
the areas excavated, one exception may be the samples from Operation 64A, which seem to be indicative
of some of the foods that were consumed at the site, and later disposed.
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